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PREFACE. 


£ Hom general deſign of this NEw PRAcTICALNavIOGATOR is 
to compriſe every thing eſſential to form the Teacher, inſtruct 
the Pupil, and affiſt the Mariner, fo as to render them proficients in 
the Nautical Art, both with reſpect to theory and practice. 

By recurring to former treatiſes, the productions of others, as well 
as my own (of which Thirteen Editions have paſſed through public 
favour) I preſume that I have been enabled to make gradual improve- 
ments ariſing progreſſively, as my knowledge became extended 
through inveſtigation, and my judgment matured by experience. 

My grand object in this my New and laſt Treatiſe, has been to be 
conciſe, yet comprehenſive, explanatory in my Definitions, perſpi- 
cuous in my Rules and Examples; and in a word, moſt carefully 
attentive to every particular in theory and practice, that can further 
the grand deſign of the Work, which is to facilitate the acquiſition 
of an art that has been the object of my purſuits throughout life ; 
and in which I have laboured with indefatigable aſſiduity. 

To obtain this important purpoſe, I found it neceſſary to reviſe 
with the utmoſt care, circumſpection, and caution, all the Treatiſes 
on Navigation now extant, to place them in a comparative view, and 
to diſcriminate their merits and defects, ſo as to adopt the former and 
reject the latter. Many of theſe works appeared too voluminous and 
elaborate, and the Tables neceſſary to the practical part of Naviga- 
tion to be ſcattered throughout different books; hence, I conceived 
it might be both uſeful and acceptable, to bring theſe Tables into 
one point of view, by reducing them to a fingle volume, and num- 


bering and arranging them in a yore methodical manner than hi- 


therto done, ſo that time would be ſaved in referring to them, and 
operations in the art greatly ex}, Jited thereby, 

Upon a candid though circun ipect review of the Tables in the 
New PRAcTICAL NaviGarTos, I preſume they will be found 
not only more extenſive, but more correct than have ever before 
appeared in a work of this kind. 
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PREFACE, * 


To aſſiſt the Learner in that very eſſential branch of Navigation, 
the keeping a complete Reckoning at Sea, I have ſubjoined to this 
work a Compendium of oblique-angled T rigonometry, with its ap- 
plication in oblique and current Sailing, and alſo Surveys of Coaſts 
and Harbours, and other particulars neceſſary to be known by every 
Practitioner in the art. 1 

Such is the PLAN of the Work now offered to the public, 
which I hope will obtain a decided preference, as it compriſes, in a 
ſmall compaſs, every uſeful diſcovery and improvement made by 
Theoretical as well as Profeſſional Men, through a long ſeries of 
ſtudy, obſervation and practice; and the whole laid down in a man- 
ner as conciſe, plain, and intelligible, as the nature of the ſubject 
can poſſibly admit. 

Upon the whole, I may venture to affirm, that this Book, with 
the NAUTICAL ALMANACK, Will be found in every reſpect ade- 
quate to the purpoſe both of the Teacher and Scholar, as well as 
tully adapted to the uſe and advantage of the induſtrious Mariner, 
as in the forming of it, I have occaſionally conſidered myſelf as act- 
ing in thoſe three ſeveral capacities, and in conformity to the ſame, 
have reſpectively adapted my remarks, obſervations, and inſtruc- 
tions; keeping in view, throughout the whole, uniformity of me- 
thod and facility of operation. From purſuing this plan, the ex- 
pence of purchaſing ſeveral books will be obviated, loſs of time and 
many inconveniences will be prevented; and ſuch advantages accrue 
to thoſe immediately concerned in having recourſe to it, as I truſt 
will juſtify me in ſubmitting it to the approbation of the public, and 
ſecure to me their ſanction and encouragement, to merit which has 
been my higheſt ambition, and the ultimate view of my purſuits 
throughout life. 

I am well aware that there are perſons, who, to ſhew their own 
ſuperior abilities in an obſcure Club, will quibble and carp at ſome 
parts, and ſay, that they ſee nothing new, &c. To ſuch Critics it 
may be anſwered, that a Triangle was a Triangle before the days 
of Euclid, and. ſo it is now; but if the arranging, digeſting, ſim- 
plifying, and rendering Navigation attainable to the moſt common 
capacity, with all the uſeful Tables contained in one Book, which 
was never done before, it certainly may be called New, or at leaſt 
an Improvement, How far I have ſucceeded is left to the judicious 
Mariner to determine, 


The Wort may be more fully ſeen, by reading the following Cantents, 
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CAUTION TO SEAMEN. 


N Tbe RAPID SALE my former Publications have had, has 
induced perſons in Scotiand, n and other places, to copy them, 
many of which have been diſtributed in different parts of the world, 
particularly in the Ea Indies and America; — in order to prevent 
ſuch ſpurious and erroneous Editions being impoſed on the Public in 
future, a ſtriking Likeneſs of the Author will be prefixed to each 
Book of this NEW WORK, 
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GEOMETRICAL DEFINITIONS. 


—— ——— 


EOMETRY is the Science which treats of the Deſcription, 

Properties, and Relations of Magnitudes in general; of which 

there are three Kinds or Species, viz. a Line, which has only Length 

without either Breadth or Thickneſs ; a Superficies, comprehended 

by Length and Breadth; and a Solid, which has Length, Breadth, 
and Thickneſs, 5 : 


A point conſidered mathematically, is incapable of being 
divided, and therefore hath no parts, or it is the ſmalleſt 
part of ſpace that can be affigned, and may be conceived A 
ſo infinitely ſmall, as to be void of length, breadth, or 
thickneſs, being always denoted by a dot, as at A. 


II. 

A right line is the neareſt diſtance between 
two points which limits its length, without A 
any ſuppoſed breadth, or thickneſs, as A C; it 
may be ſuppoſed to be the fluxion of a point. 


III. 

A plane ſuperficies is that which lies evenly between its extreme 
points, reſembling a ſmooth table, or poliſhed glaſs; bounded by 
lines having length and breadth : but is conceived to have no depth 
or thickneſs, and may be conceived to be generated by the fluxion of 
a right line. 


Q 


IV. 
Parallel lines are ſuch as are equally A B 
diſtant in all their parts, which extended 
infinitely on the ſame plane would never B ———C 
meet, as the lines A B, BC. 
V, 


A plane angle is the inclination or meeting of B 
two right lines in one point; the point where on 
they meet is called the angular point, and the A 

lines AB and AC are called ſides or legs; it is 

generally expreſſed by three letters, the middle 

one always denotes the 0 point, as A, and C 


the other two the legs or ſides that include it, as AB or AC, 
A VI. A circle 


2 GEOMETRICAL DEFINITIONS, 
VI. 


A circle is a plane figure, bounded by an uniform curve line; it 
is ordinarily deſcribed by a right line, taken with a pair of com- 
paſſes; one point thereof being fixed, whilſt the other is turned 
round to the place where the motion firſt began; the fixed point is 
called the centre, and the line deſcribed by the other point is called 
the circumference, 

VII. 

The radius of a circle, or ſemidiameter, G 
is a right line drawn from the centre to 
the circumference, as A C; or it is that | 
line which is taken between the points of 
the compaſſes to deſcribe the circle z and 


is half its diameter A B. T _—_— / 


VIII. 
An arc of a circle is any part or portion of the circumference, 
as DFE. 
IX. 
A chord of a circle is the ſubtence of an arch, or it is a right line 
oining the ends of an arch; it divides the circle into two unequal 
parts, called ſegments, and is a chord to them both, as DE is the 
chord of the arches DFE and DGE. | 
. ; ih 

A ſemicircle, or half a circle, is a figure contained under the 

diameter, as AGB or AFB. Pk 
XI. 
A quadrant is half a ſemircle, or one-fourth part of the whole 
circle, as the figure C A G. g 5 
Nor E. All circles, whether great or ſmall, are actually, or 
ſuppoſed to have their circumference divided into 360 equal parts, 
called degrees, and each degree into 60 equal parts, called minutes, 
and each minute into 60 equal parts, called ſeconds, and ſo on into 
thirds, fourths, &c. | 
All angles are meaſured by an arch of a circle, deſcribed round 
their angular points, with the chord of 60 degrees, taken from the 
line of chords on the plane ſcale, and are eſtimated greater or leſs 
according to- the number of degrees contained betwixt their legs ; 
and though legs be made longer or ſhorter, ſtill the angle between 


A right 


them continues the ſame, 
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GEOMETRICAL DEFINITIONS. 3 


XII. 

A right line is ſaid to be PERPENDICU= A 
LAR to another line, when it falls upon | 
ity ſo as to make the angles on each fide of it 
equal, ſuch as the figure AB C D, where the 
angle AC is equal to the angle AC B, each 


a quadrant, or right angle, containing 9o 

degrees, 

| D C B 
XIII. 


An AcuTE ANGLE is leſs than a right 
angle, and is that which contains leſs than 


go degrees, as ABC. 


XIV. 
An OBTusE ANGLE is greater than 
a right angle, and is that which con- 
tains more than 90 degrees, as the 


angle GE H. 


W 


— 


* 


The feweſt number of right lines that can include a ſpace are 
three, which form a figure called a triangle, or three-cornered 
figure, and conſiſts of ſix parts, viz. three tides and three angles: 
it is diſtinguiihed into three ſorts, viz. a right-angled triangle, an 
obtuſe-angled triangle, and an acute-angled triangle. 


XV. 
A RicnuT-anGLED TRIANGLE has one of its 
angles right, or containing 9o degrees; the fide | 


oppoſite the right angle is callod the hypothe- 
nuſe, and the other two ſides are called legs; 
that which ſtands upright is called the perpen- 
dicular, and the other the baſe: thus BC is the 
hypothenuſe, A C the perpendicular, and A B the 
baſe: the angles oppoſite the two legs are both 


acute, 
| XVI. 3 
An ACUTE-ANGLED TRIANGLE has all D 
its angles acute, or none of them equal to 90 


degrees, as DE G, 


A 2 


4 MARKS OR CHARACTERS, 


XVII. 

An OBTUSE-ANGLED FRIANGLE 
has one of its angles obtuſe, or greater 
than 90 degrees, as RAF, the other 
two angles are acute, or leſs than go 


degrees, as RF A and ARF. 


1 =P 


NoTe. All triangles that are not right-angled, whether they are 
acute or obtuſe, are in general terms called oblique-angled triangles, 
without any other diſtinction. The ſum of the two acute angles of a 
right-angled triangle make 90%, the ſum of all the angles of any 
triangle 180. If from 180 you take the ſum of the other two angles, 
the remaining angle will be found; but in a rjght-angled triangle, if 
from o you ſubtract the one angle, the other angle ſhall remain. 


———X CXCACOMOD ft 
MARKS ox CHARACTERS. 


+ Signifies more, or the Sign of Addition; it ſhews that whatever 
numbers or quantity follow this Sign muſt be added to thoſe that 
go before it, thus 9+8, that is, 9 added to 8. Or, A+B im- 
plies that the quantities repreſented by A and B are added. 

»— Signifies //, and is uſed as the Sign of SubtraCtion ; it denotes 
that the number following it muſt be ſubtracted from thoſe going 
before it, as 7—5, or 5 ſubtracted from 7. 

* The Sign of Multiplication, and ſhews that the numbers placed be- 
fore and after are to be multiplied, thus 7 X9, that is, 7 multi- 
plied by 9, which makes 63, and 7 x 8 x 2 which makes 112. 

S 'This Mark ſtands for Diviſion, and fignifies that the Number that 
ſtands before it is to be divided by the number following it, as 


* 
1 * 


72＋ 12 ſhews that 72 is to be divided by 12. Or thus, — + 
12 


The Sign of Equality, it ſhews that the numbers or quantities 
placed before it are equal to thoſe following it, thus, 8 x 122296. 
Or 8 multiplied by 12 is equal to 96, and 772 4 36. 

11: Proportion, and is read thus, 7 : 14 :: 10: 20, that is, as 7 is to 14 

ſo is 10 to 20. Or, A: B:: C: D, that is, as A is to B, ſo is C to D. 
Signifies Degrees, thus 45* ſhew the number 45 degrees. 
* Signifies Minutes, thus 24 or minutes. 
_ * Signifies Seconds, thus 44” or 44 ſeconds. 
S. Stands for Sine. 
Sec. Stands for Secant. 
Tan. for Tangent. | | 
Each of theſe laſt with Co, before them, ſignify the complement, 
as Co- ſine, Co-tangent, Co-ſecant. 

4. Signifies Angle. 

4d Angled, with an s at top Angles 4 

A Signifies Triangle, or As 

Z. Is frequently put to ſignify the ſum of any two lines or numbers. 

Y Sigunißes the difference. 


3 GEOME- 


. 
GEOMETRICAL PROBLEMS, 
USEFUL IN NAVIGATION. 


—— —— — — 


A PROBLEM 7s @ practical PROPOSITION, in which Some- 
thing ts proposed to be done or effected. 


— F —— 


PROBLEM I. 


9 * * . * 
To draw a Right Line parallel to a given Right Line, to any given 
Diftanca, as at the Point D. 


ITH a pair of compaſles take the 5 — 
neareſt diſtance between the point 0 8 2 i 


D and the given right line AB, with Tx 


that diſtance ſet one foot of the compaſles 
any where on the line AB, as at A, and draw the arch C, from the 


point D draw a line ſo as juſt to touch the arch C, and it is done, for 
the line CD will be parallel to the line A B, and at the diſtance of 
the point given D, as was required, 
PROBLEM II. 
To biſe or divide a given Line into two equal Parts, 

With any diſtance in your compaſles OY 
greater than half the line AB, with one 4 C 
foot in B, deſcribe an arch with the f 
fame diſtance, and one foot in A, de- 
ſcribe an arch that will cut the former A 


.Z 8 N 


arch in C and D; through C and D i 
draw a line, and that will cut A B in E; 5 | 2 
and the line A B will be divided at the | 
point E into two equal parts, * 


PROBLEM III. 
To erect a Perpendicular on the End of a given Right Line, as DB. 


With any diſtance in your compaſles, as 
from B to C, with one foot in C, deſcribe the 
cirele BDA, ſo that it may juſt touch the end 
of the given line, at B; from where the cit- 
cle cuts the line, as at D, draw a line through. 
the point C, to cut the circle in A; from A 
draw the line AB, which will be the per- 
pendicular required, | 

Or thus, 


With 


6 GEOMETRICAL PROBLEMS, 


With any convenient diſtance in your H. 7 
compaſſes, as from D to A, with one foot Fe 4 
in D, deſcribe the arch A F G, ſet off the 
ſame diſtance from A to F, and from F to \ 

G; upon F and G deſcribe two arches 1 . 4 
interſecting one another in H; draw a * G F * 

line from H to D, and it is done; for HD * 

will be the perpendicular required. Ac 


PROBLEM IV. 


From a given Point, as C, to let fall a Perbendicular on a given 


Right Line A B. 
With one foot in C, deſcribe an arch C 
to cut the given line AB in F and G, 
with one foot in G deſcribe an arch, and 
with the ſame diſtance, and one foot in F G 
E, deſcribe an arch to cut the former in 4. o in 
D, from C to D draw a line, and it is 2 : pe” 
done; for C D will be the perpendicular 1 
required. | : 
1 5 77 
D 


PROBLEM V. 


From a given Point te let fall a Perpendicular in a given Line, when 
the ſaid Perpendicular is to fall ſo near the End of the given Line that 
it cannot be done as above, as at the Edge of a Sheet of Paper, Fc, 


Let C be the point from which the AC 
1 is to be let fall on the „ 
ine AB, from any point in the line „„ 
AB, as at A; with the diſtance A C, — 7 
deſcribe an arch E, chuſe any other , "of £ B 
point in the line A B, as D, and with * >... 5 : 
the diſtance DC deſcribe another arch by, ö : 
interſecting the former in E, join CE, by, e 
and it is done; for CB will be the per- DOE F A 
pendicular required, E 


** 
. 


PROBLEM 


which is 37* 20 or 371; draw the line 
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PROBLEM VI. 


To make Plane Angles, and firfl a Right Angle, containing 99 Degrees. 


Draw the line C Aon C, ere a per- D 
pendicular CD, and it is done; for the 
angle DCA is an angle of 90. Or thus, H 
On the point C, with the chord of 60“, 
deſcribe an arch G H, ahd ſet off thereon 
from G to H, the diſtance of the chord of 
gos, and from C through H draw CH D, |. 
which will form the angle D C A, of go? | oP 
required, G C 


PROBLEM VII. . 


To make an Acute Angle equal to any Number of Degrees, 
Suppeſe 36" 30. 


Draw the Line BC, with the chord of 


60® or radius, in your compaſſes, and one 


Dy A 
foot on C, draw the arch FB, on which ſet i 
off 30 3o', or 364, from B to F, through F 
and the centre C, draw the right line A C, 70 20 
# 8 a B 


and it is done; for the angle AC B will C- 
be an angle of 36 3o' as was required. 


PROBLEM VIII. 


To make an Obtuſe Angle, that ſhall contain 12720, 


Draw CB, take the chord of 60® in 


your compaſſes, and with one foot on C, 
deſcribe an arch; now as we can take off 
only go?, ſet off 9oꝰ from B to G, and 
from G to E ſet off the exceſs above 900, 


8 
SJ 


8 
C 


B 


CE, and it is done; for the angle ECB 
will be an angle of 127 20. 


«* 


PROBLEM 
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PROBLEM IX. 


The Angles and Hypothenufe of a Rigbt-angle Triangle given, to find 
either of the Legs. 

Given the hypothenuſe 250 leagues, the angle oppoſite the baſe 

54* 30, conſequently the other angle 35 30'; the baſe and perpen- 

dicular are required, | 


Draw the line C B, and at C make an 1A 
angle equal to 35? 30 by drawing the line 
C A, take 250 from any convenient ſcale L. 
of equal parts, and ſet it off from C to A, 8 
from A let fall the perpendicular A B, to B 


cut the line C B, and it is done; for AB 8g G 
meaſured on the ſame ſcale gives 145, 

and CB 203.6 leagues. : 
NoTe. The two acute angles of a right-angled triangle make 


go degrees. 
PROBLEM X. 


» 
The Angles and one Leg of a Right-angled Triangle being given, to find 
the Hypathenuſe and the other Leg. 

The angle A C B 33? 15, the leg A C 285 miles, to find the 
hypothenuſe, and the other les A B. | 

Draw the baſe A C, lay off on it 285'from B D 
your ſ@ale of equal parts, from A ta C; on . 
A erect the perpendicular AB, with the chord 
of 60 ſweep the Arch AD, and on it ſet off . 
334, from your line of chords from A to D,; 233 
through D and C, draw the right line; C, 
then BC will meaſure 341 nearly, and BA XA 285 C 
187 nearly, on the ſame ſcale of equal parts that AC was taken 


from. 
PROBLEM XI, 


The Hypothenuſe and one Leg given, to find the Angles and the 
| other Leg. 


- ' OE omneS _ 


— 2 — — 
r ˙————— ä Ü—ĩü— 1 1 ts 
- 


and leg BC. 
Draw the baſe CB, on B erect the per- A 
ndicular A B, on which ſet off 350 from N 
B to A, the point A with an openin 

of boo, Draw an arch to cut the line BC, 

in the point C dw AC, and it is done; 
for the angle ACB will meafure 3541 on &. 
the line of chords, and B C will meaſure © 
487 nearly, on the ſame ſcale of equal parts 
before ufed, ' * | 


f 


PROBLEM 


aber Ae LAST SIGNS -.. 


The leg A B 350, the hypothenuſe 600 given, to find the angles, 
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PROBLEM XII. 
The Legs given, to find the Angles and the Hypothenuſe, 


The leg AB 880 and BC 690 given, to 
find the angles A and C, and the hypothe- 
nuſe AC. 

Draw the baſe BC, on B erect the per- 
pendicular AB, make BC equal to 690, and 
AB equal to 880; join AC, and it is done ; ,£ 
for the angle C being meaſured as before, 9 
will be found as per figure, and the hypo- 
thenuſe will meaſure 1118,2. | 


\ 
PROBLEM XIII. 


Two Angles and one Side 4 an Oblique-angled Triangle given, to find | 
either of the other Legs. 


The angle BDC 108“ 30, and CBD 45® 15, and conſequently 
the angle BCD 26® 15/, and the leg BC 98 given, to find the ſides 
CD and BD. bes 

Draw the ling BC, which make equal D-*. 
to 98, on the point B deſcribe an angle A 
of 452 15), then add 45 15' to 108 30 
and the ſum 15J* 45 taken from 180, 
the remainder is the angle DCB=26? — 
15˙3 from the point C deſcribe an arch B 98 C 
with the chord of 60, and ſet off 26 15, 
and it is done; for the ſide DB will be 46 nearly, and DC 73,4, as 
was required. 


PROBLEM XIV. 


Two Sides and an Angle oppoſite to one of them given, ts find the other 
Angle and the third Side, 


The fide BC 160, and BD 79, and the angle C 29* given, to 
find the angle D, and the fide CD. 

Draw the line BC equallgo , D 
on C make the angle DCB e to 
29%) take 79 in your compatles, and 
with one foot on B, lay the other 
upon the line CD, draw the line 
BD, and it is done; tor the angle Þ 
D will be 99®2 5), the angle B 5126) 
and the fide DC 127 nearly. 


PROBLEM 


- diameters will always cut or croſs one an- 
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PROBLEM XV. 


Two Sides and their contained Angle given, to find either of the other 
Angles, and the third Side. 


The fide BC 109, BD 76, and angle CBD 1017 3o'given, to find 
the angles BDC or BCD and the ſide CD. 

Draw the line BC, which make equal to D 
109; on B deſcribe an arch, on which ſet 
off from BC towards D 101 30, then N 
draw the line BD equal to 76, join DC, 6 
and it is done; for the angle BDC will 
be 47* 32, the angle BCD 30? $58, and 
the tide DC will be 145, as was required. C 


PROBLEM XVI. 
Three Sides given, to find the Angles. 


The ſides BC 105, BD 85, and CD 50 miles given, to find the 
les BDC, BCD, and CBD. 
e the line BC equal to 105, 
take CD equal to 50 in your com- 
paſſes, and with one foot in C, de- 
ſcribe an arch as at D, then take BD 
85 in your compaſſes, and with one 5 

foot in B, cut the former arch in D, a — 

join BD and DC, and it is done; for * C 
the angle B being meaſured, will be found 284, the angle C 53® 
8, which being added together is 81* 125 their ſum ſubtracted from 
180%, leaves angle D 98“ 48, as was required. 


PROBLEM XVII. 
To find the Centre to a given Circle. 


With any radius, and one foot in the cir- 
cumference as at A, deſcribe an arch of a 
Circle, as CBD, then removing the foot 
from A to where it cuts the given circle, 
as at B, on B deſcribe another arch, cut- 
ting or croſſing the former, as C A D, and 
through the points of interſection draw the 
right line CD, which will give one right 
line paſſing through the centre; in like 
manner may another right line be drawn, 
as EF G, which ſhall croſs the firſt right 
line at the centre required, for any two 


other in the central point, 


PROBLEM 
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PROBLEM XVIII. 


To divide a Circle into any Number of equal even Parts, as 4, 16, 32. 
Firſt draw the diameter through NS 

the centre, which will divide it into 
two equal parts; biſect the diame- 
ter with another right line perpen- 
dicular thereto, and the circle will 
be divided into four equal parts or 
quadrants ; biſect each of theſe 
quadrants again by right lines 
drawn through the centre, and it 
will be divided into eight equal 
parts, and ſo may you continue on 
your biſections any number of : f 
times, that is, 8, 16, 32, &c. SY S. 
doubling the number of even parts, 

This problem is uſeful in conſtructing the Mariner's Compaſs, 


I. A chord or ſubtenſe of an arch, is a right line that divides 
thecircle into two un equal parts, and 


is a chord to them both, as FH, TI. D 
II. A right ſine of an arch, is a 

line drawn from the end or termina- 0 8 

tion of an arch, perpendicular to the 8 T 


radius, or is half the chord of twice 
the arch, ſo that 'T'V is the fine of 

the arch | G, and of the arch IF, F 
the ſum o! which arches together 
make 180?, or a ſemi- circle. 

III. The verſed ſine of an arch is 
part of the diameter intercepted be- 
tweeen the right ſine and the arch, i 
as VG. HH P 1 

IV. The tangent of an arch is a 
line drawn perpendicular to the end of the radius, or diameter, juſt 
touching the arch, as DG. 

V. The ſecant of an arch, is a right line drawn from the center 
through the circumference, meeting the end of the tangent line to 
the ſame arch, as O D is the ſecant of the arch IG, to which DG 
is tangent, alſo OR is the ſecant of the arch CT, to which CR is 
a tangent, * 

Nork. Sines, Tangents, Secants, are ſaid to be the meaſure of 
ſo many degrees as the arch contains parts of 360, ſo that radius 
being the ſine of a quadrant, or a fourth part of the circumference, 
contains go degrees; thus the radius is always equal to the ſine of 
9055, as is alſo the tangent 45,900 the chord of 609, 
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PROJECTION 


or THE LINES or 
SINES, TANGENTS, a xp SECANTS, 
ON THE PLANE SCALE, 


* the radius you intend for your ſcale, deſcribe a 
ſemi-ciccle A D B C, and upon the centre C raiſe the 


perpendi ular D, (which will divide the ſemicircle into two qua- 
drants, AD, BI)) continue CO directly to 8, and upon B raiſe the 
perpendicular BI, then draw the right lines BD and AD. 

2dly. Divide the quadrant B D into g equal parts, then will each 
of theſe be 10 degrees, Again you may ſubdivide each of theſe 
parts into ſingle degrees ; and theſe again, if your radius admits it, 
into minutes, or ſome aliquot parts of a degree greater than mi- 
nutes. 
3diy. Set one foot of the compaſſes in B, and transfer each of the 
diviſions in the quadrant BD to the right line BD, then is BD a line 
of chords. 

Athly. From the points 10, 20, 30, &c. in the quadrant BD, 
draw right lines paralle] to CD, till they cut the radius CB, then 
is the line C3 divided into a line of fines, which muſt be nu bered 
from C towards B. 

Sthly. If the fame line of right fines be numbered from B to- 
wards C, it will become a line of verſed fines, which may be con- 
tinued to 1809, if the ſame diviſions be transferred on the ſame line 
on the other fide of the centre C. 

Sthly. From the centre C, through the ſeveral diviſions in the 
— BD, dra right lines til! they cut the tangent BT, fo will 

e line BT become a line of tangents. 

7thly. Setiing one foot of the compaſſes in C, extend the other 
to the leveral diviſions 10, 20, 30, &c. in the tangent line B , and 
transfer theſe extents ſeverally into the right line CS, then will the 
line CS be a line of ſecants. 

Ethly. Right lines drawn from A to the ſeveral diviſions, 10, 20, 
30, &c. in the quadrant BD, will divide the radius CD into a line 
of ſemi-tangents. 

gthly. Divide the quadrant AD into eight equal parts, and from A 
transfer theſe diviſions ſeverally into the line AD, then is AD a line 
of rhumbs, each diviſion anſwering to 1115 upon the line of 


chords. 
| The 
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The uſe of this line is for protracting and meaſuring of angles, ac- 
cording to the common diviſion of the Mariner's Compaſs. If the 
radius AC be divided into 100, or 1000, &c. equal parts, and the 
lengths of the ſeveral fines, tangents, and ſecants correſponding to 
the ſeveral arches of the quadrant be meaſured thereby, and theſe 
numbers be ſet down in a table, each in its proper column, you will 
by theſe means have a triangular canon of numbers, by which the ſe- 
veral caſes in Trigonometry may be ſolved, the right lines gradu- 
ated as above, being placed ſeverally upon a ruler, form the inftru- 
ment called the Plane Scale; by which the lines and angles of all 
triangles may be meaſured. *' All right lines, as the ſides of plane 
triangles, &c. when they are conſidered ſimply as ſuch, without hav- 
ing any relation to a circle, are meaſured by ſcales of equal parts, 
one of which is ſubdivided equally into to, and this ſerves as a com- 
mon diviſion to all the rel. In moſt ſcales an inch is taken for a 
common mealure to determine their largeneſs and number of parts: 
what an inch is divided into is generally ſet at the end of the ſcale, as 
in the ſcales A, B,. and C; the numbers 10, 20, 30, 45, ſhew that 
ſo many parts of the ſcales A, B, C, are contained in an inch. 
any ſcale of equal parts, divided as above, any number leſs than 


Ido may be 5 ang Arne but if the number ſhould conſiſt of three 


places of figufes, the value of the third figure can only be gueſſed 
at; Wherefure in theſe ſcales it is better to uſe ſuch a ſcale as D, 
called a diagonal ſcale, by which any number of three figures may 
be exactly tound. 

Having prepared a ruler of convenient breadth for your ſcale, 
(which may be an inch more or leis) Firſt, near the edges there- 
of, draw two right lines, af, er, parallel to each other; then di- 
vide one of theſe lines, as af, into equal parts, according to the 
largeneſs you intend your ſcale; and through each of theſe diviſions 
draw perpendicular right lines as far as the line eg; next divide 
the breadth into 10 equal parts, and throngh each of theſe diviſions 
draw right lines parallel to the former af and eg; again divide the 
length a, b, c, d, each into 10 equal parts, and from the point to 
the firſt diviſion in the line d q, draw a right line ; then, parallel to 
that line, draw right lines through all the other diviſions, and the 
{cale is done. 

Beſides the lines already mentioned, there is another on the plane 
ſcale marked ML, which is joined to a line of chords; and ſhews 
how many miles eaſting or weſting make a degree of longitude in 
every latitude ; theſe ſeveral lines are generally put on one fide of a 
ruler, two feet long; aud on the other fide are laid down a ſcale of 
the logarithms of the fines, tangents, and numbers, waich is com- 
monly called Gunter's Scale, and as it is of general uſe, it requires 
a particular deſcription. 


DESCRIPTION 
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DESCRIPTION ano USE 


ern SCALE 
—— 


HILE the reader is peruſing the following, it is proper he 
ſhould have a GUNTER's SCALE before him. 

Gunter's Scale hath ſet upon it theſe eight lines following: 

1ſt, Sine rhumbs marked (SR) is a line which contains the lo- 

rithms of the natural fine of every point and quarter point of the 
3 Compaſs figured from the left hand towards the right, 
with 1, 2, 3, 4, 5, 6, 7, to 8, where is a braſs pin, and where it can 
be done, into halves and quarters, 

2d. Tangent rhumbs marked (TR) alſo correſponds to the loga- 
rithm of the tangent of every degree of the faid compals, and is 
figured 1, 2, 2, 4, at the centre, where there is a pin, and from thence 
towards the left hand with 5, 6, 7, it is alfo divided, where it can 
be done, into halves and quarters. 

3d. The line of numbers marked (Num. ) contains the logarithms 
of the numbers, and is figured thus; near the left hand it begins at 1, 
and towards the right hand is 2, 3, 4, 5, 6, 7, 8, 9; and then 1 is the 
middle, at which is a braſs centre pin, going ſtill on 2, 3, 4, 5, 6, 7, 8, 
9, and 10 at the end, where there is another center pin; (as this 
line is generally much uſed, it requires a larger deſcription). The 
firſt one may be counted for 1, or 10, or 100, or 1000, and then the 
next 2 is accordingly 2, or 20, or 200, or 2c00, &c. Again, the firſt 
1 may be reckoned 1 tenth, or 1 hundredth, or 1 thouſandth part, &c. 
then the next is 2 tenth, or 2 hundredth, or 2 thouſandth parts, &c. 
ſo that if the firſt 1 be eſteemed 1, the middle one is then 10, and 2 
to its right is 20, 3 is 30, 4 is 40, and 10 at the end is 100; again 
if the firſt 1 is 10, the next 2 is 20, 3 is 30, ſo on, making the mid- 
dle 1 now 100, the next 2 is 200, 3 is 300, 4 is 400, and 1o at the 
end is now 1000. In like manner if the firſt 1 be eſteemed 1 tenth 
part, the next 2 is 2 tenth parts, and the middle 1 is 1, and the next 
2 is 2, and 10 at the end is now 10. Again, if the firſt 1 be counted 
I hundredth part, the next is 2 hundredth parts, the middle one is 
now 10 hundredth parts or one tenth part, and the next 2 is 
two tenth parts, and 10 at the end is now but one whole number 
or integer, 

As the figures are increaſed or diminiſhed in their value, ſo in like 
manner mult all the intermediate ſtrokes or ſubdiviſions be increaſed 
or diminiſhed ; that is, if the firſt 1 at the left hand be counted 1, 
then 2 (on the right hand of it) is 2, and each ſubdiviſion * 

em 
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them now is 1 tenth part, and fo all the way to the middle 1, which 
now is 10, the next 2 is 20, now the longer ſtrokes between 1 and 2 
are to be counted from 1 thus, 11, 12, (where is a braſs pin, then 
13, 14, 15, ſometimes a longer ſtroke than the reſt, then 16, 17, 18, 
19, 20, at the figure 23 and all the ſhorter ſtrokes between them lon- 
ger are now each to be counted for n parts from the middle 1 to the 
next 2, how 20, from whence the longer ſtrokes between the figures 
are units, thus, 21, 22, 23, &c. to 3 which now is 30, and the ſhorter 
ſtrokes each between them, now is the tenth part of an integer; 
from 3, each ſhort ſtroke or diviſion, is I tenth part of an unit. Again 
if 1 at the left hand be 10, the figures between it and the middle x are 
common tens; and the ſubdiviſions between each figure are units; 
from the middle 1 to 10 at the end; each figure is ſo many hundredths; 
and between theſe figures each longer diviſion is 10; from the middle 
1 to 2, each leſs diviſion is 2 units; and from 2 to the end, each ſhorter 
diviſion is 5 units. From this deſcription it will be eaſy te find the 
diviſions repreſenting any given number thus: Suppoſe the point re- 
preſented the number 12 was required? Take the diviſion at the 
figure 1, in the middle for the firit figure of 12; then for the ſecond 
figure count 2 tenths, or longer ſtrokes to the right hand, and this 
laſt is the point repreſenting 12, where is the braſs pin. 

Again, Suppoſe the number 22 was required, the firſt figure being 
2, I take the diviſion to the ſigure 2, and for the 2d figure 2, count 
2 tenths onwards, and that is the point repreſenting 22, | 

Again, Suppoſe 1728 was required; for the firſt figure 1, I take 
the middle 1, for the ſecond figure 7, count onwards as before, and 
that is 1700; then for the third 2 count 2 tenths from the laſt, and 
it repreſents 1720; laſtly, for the th figure 8, eſtimate 8 parts out 
of 10 of the next ſmaller diviſion, or a little leſs than 10, this point, 
laſt found, repreſents 1728. 

Required the point, repreſenting the number 435: from the 4 in 
the 2d interval count towards 5 on the right, three of tlie larger di- 
viſions, and one of the ſmaller, and that wiil be the diviſion expreſſ- 
ing 435, and the like of other numbers, which by a little practice is 
readily done. 

All fractions found in this line muſt be decimals; and if they are 


not, they muſt be reduced into decimals, which is eafily done by ex- 


tending the compaſſes from the denominator to the numerator ; that 
extent laid upon 1 in the middle will reach to the decimal required. 

Example. Required the decimal fraction equal to 4, extend from 
4 to 3, that extent will reach from 1 on the middle to 75, towards 
the left hand; the like may be obſerved of any other vulgar fraction. 

 MuLTipLicaT1oN is performed on this line, by extending from 
I to the multiplier ; that extent will reach from the multiplicand to 
the product, 

Suppoſe, for example, it was required to find the product of 16 
multiplied by 4, extend from 1 to 4, that extent will reach from 16 
to 64, the product required. 

Divistos 


DESCRIPTION AND USE OF GUNTER'S SCALE, 


D1v1s10N being the reverſe of Multiplication, therefore extend 
from the diviſor to unity, that extent will reach from the dividend 
to the quotient, | 

Suppoſe 64 to be divided by 4, extend from 4 to 1, that extent 
will reach from 64 to 16. the quotient. 

N. B. This extent in Diviſion is to be taken bac wards from the 
dividend to the quotient, but in Multiplication it is taken forward from 
the multiplicand to the product, they being contrary to one another. 

PROPORTION, or the KULE OF THREE, being performed by 
Multiplication and Diviſion, therefore extend from the firſt term to 
the ſecond, that extent will reach from the third term to the fourth. 

Example. If the diameter of a circle be 7 inches, and the eir- 
cumference 22, what is the circumference of another circle the 
diameter of which is 14 inches? 

Extend from 7 to 22, that extent will reach from 14 to 44, the 
ſame way. 

In like manner may any other proportion of any denomination 
be worked, which makes this line of general uſe, particularly in 
meaſuring Superfices and Solids, which is done by extencing from 
I to the breadth, that extent will reach from the length to the ſu- 
perficial content. | | 

Example. Suppoſe a plank or board 15 inches broad, and 27 feet 
long, the content of which is required. 

Extend from 1 to 1 foot 3 inches; that extent will reach from 
27 feet to 33,75 feet, the ſuperficial content. Or extend from 12 
inches to 15, &c. | 

The ſolid content of any bale, box, cheſt, &c. is found by ex- 
tending from 1 to the breadth, that extent will reach from the depth 
toa fourth number, and the extent from 1 to that 4th number, will 
reach from the length to the ſolid content. 


16 


Example 1ſt, What is the content of a ſquare pillar, whoſe length 


is 21 feet 9 inches, and breadth 1 foot 3 inches? 
T he extent from 1 to 1,25, will rcach from 1,25 to 1,56 the con- 


tent of 1 foot in length; again, the extent from 1 to 1,56 will reach 


the length 21,75 to 33,98 or 34, the ſolid content in feet, 

Example 2d. Suppoſe a, ſquare piece of timber, 1,25 feet broad, 
from 56 deep, and 36 long, be given to find the content. 

Extend from 1 to 1,25, that extent will reach from, 56 to, 7, then 
extend from 1 to ,7, that extent will reach from 36 to 25,2 the ſolid 
content, In like manner may the contents of any bales, &c. be 
found, which divided by 40 will give the tonnage. 

3dly. The line of Sines marked (Sia.) begins at the left hand, 
and is figured thus; 1, 2, 3, 4, 5, &c. to 10; then 20, 30, 40, &c. 
to go, ending at the right hand, where a braſs centre pin, here, and 
in all lines under it, are called degrees. 

Athly. The line of verſed fines, marked (V. S.) begins at the right 
hand, againſt 99? on the ſines, and from thence figured towards the 
left hand thus: 10, 20, 30, 40, &c, ending at the left hand—about 

I 69? ; 


"8 


4 
d 


* 


£6. a8 As. its ARE a 


& b | 
2 F = x 4 . 
2 9 e 8 


ON THE USE OE THE SECTOR, 17 


1699; each of the ſubdiviſions, from 10 to 30, are 2 degrees, and 
from thence to o, it is ſingle degrees, and from thence to the end, 
each degree is divided into 15 minutes. 

5thly. The lines of tangents, marked (Tang) begins at the left 
hand, as do the fines; from thence it is figured to the right hand, 
thus: 1, 2, 3, &c. to 10, and fo on, 20, 30, 40, and 45, at the right 
hand, where is a little braſs pin, juſt under and even with 90 in 
the fines; from thence back again it is figured 50, 60, 70, 80, &c. 
to 89, ending at the left hand where it began at 1 degree. The 
ſubdiviſions of this line are the ſame as thoſe of the fines. 

6thly. The line of the meridional parts, marked (Mer.) begins at 
the right hand, and is numbered thus: 10, 20, zo, to the left hand, 
where it ends at 87 degrees. This line, with the line of equal parts, 
marked (EP) under it, are uſed together, and only in Mercator's 
failing. The uppermoſt line contains the degree of the meridians, 
or latitude, in a Mercator's chart ; and the lower is the equator, 
and contains the degrees of longitude, | 


ON THE 
USE OF THE SECTOR. 


— 2 — — 


The Uſe of the Line of Lines, marked on the ſame Side of the Sector (LL.) 


HE uſe of the ſector is taken from the property of two equi- 
lateral fimilar triangles, thus in the following figure : 

AB and AC are equal legs, or B 
radii, of an iſfoſceles triangle, ſtanding 
on the baſe BC: Now, by the pro- 
perty of ſimilar >, drawing DE 
parallel to BC, the two triangles 
ADE and ABC are ſimilar and pro- 
portional; or AD: DE:: AB: BC. 

AB : BC :: AD: DE. 

Now, ſuppoſing AB and AC to be divided each into 100 equal 
parts, and it is required to divide any opening of the legs as BC in 
the ſame ratio as AB, AC is divided into, it is inſtantly performed 
by taking laterally the diſtance DE in your compaſſes, and apply it 
from C to B, and the line BC will be divided in the fame ratio as 


is the line AB or AC. | 
C PRO. 


8 ON THE USE OF THE SECTOR, 


PROBLEM I. | 
To divide a given Line into any Number of Equal Parts. - 
I 

Suppoſe DE is required to be divided into} jj 44 — 
6 equal parts ? 

OPERATION,—Take DE in your compaſſes, and open the legs 
of the ſector, ſo that the opening of the compaſſes DE ſhall juſt fall 
on the line of lines on each leg of the ſector, on 6.6; then take off 
1.1 laterally, and ſet it from D to D 1, and D 1 will be the 1-ſixth 
part of the given line DE. 

To this problem may be referred the method of making a ſcale 
of a given length, to contain a given number of equal parts. 


PROBLEM IL 


Suppoſe the ſcale to the map of a ſurvey is 6 inches long, and 
contains 140 poles, required to open the ſector, ſo that a correſpond- 
ing ſcale may be taken from the line of lines ? 

SOLUTION,—Make the tranſverſe diſtance 7 and 7, or 70.70, 
viz. 242 equal to 3 inches = g; and this poſſeſſion of the lines will 
produce the given ſcale, 


PROBLEM III. 


Let a ſcale of 4 inches to a degree in longitude be reduced to ano- 
ther ſcale of 3 inches to a degree of longitude ? 
 $0LUTION.—Set off any diſtance on the 4-inch ſcale tranſverſely 
to 40.40 or 4.4, on the line of lines; with this opening take off 
3.3 or 30.30, and it is done, this lateral diſtance being the propor- 
tional part required, 


PROBLEM IV. 


One fide of any triangle being row of any length, to meaſure the 
other two ſides on the ſame ſcale * 
Let the triangle ABC be drawn. B 
I would have the fide AC meaſure 
63. What are the meaſures of the 
other two ſides, AB, BC? $0 45 


A C 

03 
SOLUTION.,—Take AC in your compaſſes, and apply that dif. 
tance tranſverſely to 6.3 or 63; to this opening of the ſector apply 
the diſtance AB in your compaſſes to the ſame number on both ſides 
of the rule tranſverſely; and where the two points fall will be the 
meaſure on the line of lines of the diſtance required; the diſtance 


AB will fall againſt 50.50, and BC againſt 45.45 on the lines LL 
on each fide, 
Up 
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Uſe of the Line of Chords on the Sector, marked (CC) en each Side. 

The line of chords on the ſector is laid down on both ſides as far 
as 60; each degree is divided in half or 30; the uie is only to lay 
down angles, or meaſure their arches to any given radius, 


LE AAMF LE 

In the given circle ABC to lay off from the points C an > of 305. 

SOLUTION.—T ake the radius DC in B 
your compaſſes, and open the ſector until IG 
60.60 on both ſides fall on each point; 15 5 
with this opening take off 30 30 on both * >, 
ſides tranſverſely, and apply it from Con * 2 : 
the arch towards B, as at a, and it is A! D * 
done; and the > a DC is an arch of 390% f F 


required. 6 ., 

in this manner, by ſetting 60.60 to * F 
radius on the chords, or 90 9o on the — 
ſines, or 45* 45? on the tangents, may the chord, ſine, or tangent 


of any angle be found, ſet off, or known, to any given radius, 


OGARITHMS are a ſeries of numbers, invented by Lord 
Napier, Baron of Marchinſton, in Scotland, by which the work 
of multiplication may be performed by addition, and the operation of 
diviſion may be done by ſubtraction ; ſo that great time and trouble 
are ſaved thereby in the performance of all arithmetical operations 
tor if the logarithm of any two numbers be added together, the ſum 
will be the logarithm of the product; and if from the logarithm of 
the dividend you ſubtract the logarithm of the diviſor, the remainder 
will be the logarithm of the quotient. Again, if the logarithm of 
any number be divided by 2, the quotient will be the logarithm of 
the ſquare root of that number ; or if the logarithm of any number 
be divided by 3, the quotient will be the logarithm of the cube root 
of that number. 
The moſt convenient ſeries now made uſe of is the following : 
33 2 3 4 5 Ke. logarithms, 


— 


IT 10 100 1000 10000 1boooo, &c. logarithms, 
By which you perceive the index of any logarithm always ong 
leſs than the number of figures 2s integer Contains, = 
- - 


LOGARITHMS., 


To find the Logarithm of any Number containing leſs than 5 Figures. 


EXAMPLES. 


I would find the logarithm of 7 ? 

Look in the table for the number of 7 in the fide column, and 
againſt it is 0.84510, This number having but one figure in the 
index thereto is o. 

I would find the logarithm of 79 ? 

Look in the table for the number of 79 in the ſide column, and 
againſt it is 1.89763; to which I is the index, becauſe the number 
contains two figures. 


I would find the logarithm of 763? 


Againſt 763, in the firſt ſide column, is 2.88252 ; to which prefix 


the index 2, as the number contains 3 places of figures, 2.88252. 


To find the Logarithm of 7634. 

Find the logarithm of the three firſt figures in the ſide columns as 
before; and, caſting your eye on the numbers on the top line of the 
table, look for the remaining figure 4, bring your eye to bear down 
that column, and right againſt 763 is the logarithm 88275, to which 
prefix the index 3, as it contains four places of figures, thus: 3.88275 
is the logarithm of 7634. Wy 


To find the Legarithm ef any whole Number to 5 Places of Figures. 

Suppoſe 76345 * 

Look out the logarithm of the three firſt figures 763 in the ſide 
column, and the next figure 4 in the top column as before, and againſt 
the angle of meeting is 88275, as before, Take the difference be- 
tween this logarithm and the next greater; that is, the difference 
between 275 and 281, which is 6; then ſay, by the rule of three, if 
10 gives 6, what will 5 give? that is its half or 3; which, added to 
the logarithm 88275, makes 88278 ; to which prefix the index 4, as 
it contains five places of figures; and that makes the logarithm of 
76845 to be 4.88278. 


Again, io find the Logarithm of "= —_ to 6 Places of Figures, as 
703458. 
Find the logarithm of the 4 firſt places of figures as before 8827 5, 
as above ; then fay, if 100 gives 6 difference, what will 58 give? 
Anſwer 3; which added to 88275, makes 88278; to which prefix 
its index 5, makes the logarithm of 763458 to be 5. 88278. 
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To find the Logarithm of any fixed Number, as 763.458, 


Where the integer is 763, or has only thtee places of figures, the 
rule is: Find the logarithm to all the figures, the ſame as if they were 
whole numbers as before, to which prefix always the index of the 
integer, which in this number is 2; fo that the log. of 763.458 is 
2.88278, nearly the ſame as above, only differing in its index. 


To find the Number anſwering to any Legarithm to 4 Places of 
Figures, 


Seek under the column o, at the top of the table, the next leſs 
logarithm ; note the number againſt it, and carry your eye along 
that line until you find the neareſt logarithm next leſs than the given 
one, and you will have the fourth figure at the top of the table, 
which affix to the three given ones in the firſt ſide column. 

What is the number to the logarithm 3.77 342 ?—T look in column 
o, and find under it, againſt the number 593, the logarithm 7705; 
and, guiding my eye along that line I find the given logarithm 77342 
under the column, with 5 at the top; ſo that the number is 5935. 

The Number, if taken out by this precept, will be either the Number 
required or the next leſs, 


To find the Number anſwering any Logarithm te 5 Places of Figures 


nearly, 


Find the next leſs logarithm to the given one; and take its differ- 
ence betwixt it and the given one; alto take the difference betwixt 
the next greater logarithm, and next leſs to the given one; then 
ſay, as the difference of the next greater and next leſs is to 10, fo 
is the former difference to the correction ſought as ſuppoſe you 
would find the number to the logarithm 4.59632 ? 

4.59032 | 
4.59627 The neareſt next log. I can find is 59627 =its num. 39470 
The next greater ditto is 59638= 39480 


— — — — 


5 * - Difference II Io 
Then ſay, 11: 10 :: 5: 5 nearly the correction; which I add to 
the number 3947, makes the number ſought to be 39475, anſwering 
to the loparithm 4.59632. 


\' NoTtt.—Aliquot or even parts may be taken of the difference 


between the leſs and ous logarithnts, where it can be done, thus: 


In this laſt 5 is nearly the half of 11, as 5 the number ſought is of 


10, the difference of the two numbers belonging to the greater and 
leſs logarithms, which will often fave time and trouble. 


MULTI 
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LOGARIT HMS. 


MULTIPLICATION BY LOGARITHMsS. 


CASE. L 
To find the Product of two whole or mixed Numbers, 
| CASE II. 
Multiply 76 Log.=1.88081 | Multiply 76.4 Log.=1.88309 
. 1.73239 34 0.73235 
Product 4104 3.61320 | Product 412.5 2.61548 


When both, or either, of the fractions are leſs than unity, as if 
Here the index of a fraction is 9, when 


0.265 Log. 9.42325 


0.03I 8.49136 the firſt decimal figure, as 2, ſtands in 
— — — thc firſt decimal place; but if it ſhould 
.ooB215 =7 91461 ſtand in the ſecond decimal place, as the 


3 in .031, the index will be 8; if it ſtood in the third decimal place, 
as .0031, the index would be 7. Thus the number of cyphers, pre- 
fixed to any decimal, and the index of that decimal always together, 
make q; ſo that if you take the number of cyphers * to the 
decimal from, 9 remains its proper index. In the addition reje& 10 
in the ſum of the indices ; and the proper product, or value of the 
product, will be obtained: By reaſon, if 9 repreſent the index of a 


fraction, 


10 will repreſent, in this caſe, the index of unity. 


Indeed 


tbe index of unity may be aſſumed either o, 10, 100, &c, as you 


pleaſe; but general 


for moſt uſes, is not wanted to be more than 


10, as in the fines, tangents, ſecants, &c. As 7 or 8 places of deci- 
mals are generally ſuffisjent for all purpoſes, take theſe two more 
examples: | 


Multiply 3.72 Log.=0.55054 | Multiply 594 Log. 1.77415 
by 0.00064. 6.80618 by .000031 5.49206 
Product ,0023808 7.37672 Product .co18414 7.26021 


Here the remainder to 9 is 2 in 
the index; therefore prefix two cy- 
phers to thenumber of the logarithm 
$7672 for the product required. | 


DIVISION BY LOGARITHMS. 


CASE I. 


To divide a whole or mixed Number Ly a lefs whole or mixed Number. 


RuLE.—From the logarithm of the dividend ſubtract the logarithm 
of the diviſor, and the remainder is the logarithm of the quotient. 


Divide 4104 by 54. | 
4104 Its logarithm is 3.61321 | 410.4 Its logarithm is 
54 Its logarithm is 1.73239 5.4 lts logarithm is 
76 Quotient = 1.88082 | 760 Quotient 


H 3 


Divide 420.4 by 5.4. 


2.61321 
0.73239 


—  _ —o— 


1.88082 
CASE 
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& 
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CASE Il. 


When both, or either, fractions are leſs than unity? 


As divide .o08215 by .o31. Norx. If I had aſſumed the 
008215 Its log. is 7.91461 index of unity 100, then the index 
.o0z1 Its log. is 8.49136 | of the firſt number would have 
3 - been 97 or 97.91461, 
265 Product 9.42325 and. 31 9g8.49136 
Norz.—In the indices here I N 
borrow 10 in the ſame manner as 99.42325 


So that q is the index of the firſt 
ge decimal place under 100 in this caſe. 
Divide 0023808 by 3.72. Divide 59.4 by 000031. 
*0023808. Its log. is 7.37672 59.4 Its log. is 1.77415 

3-72 Its log. is 0.57054 | .000031 Its log. is 5. 49209 


I flang it away in adddition. 


WW — —— —— — — Dp — — — — — 


oo Quotient 6.80618 1 0001915 Its quotient 6.28209 


Nor E. Whatever index you make repreſent unity, omit it in 
the ſum of the indices, and borrow it in the ſubtraction of indices, 
the ſum or remainder will be the true index required, 


To EXTRACT the ROOTS in LOGARITHMS. 


As the multiplying the logarithm of any number by the index of 
its power produces the logarithm of that power; ſo the diviſion of 
any logarithm by its propoſed index, the quotient will be the loga- 
rithm of the root required. 


What is the ſquare root of 324 What is the cube root of 10648? 
324 Its logarithm is 2)2.51054 | 10648 Its log. is 3)4-0272 
18 Log. of the root is 1.25527 22 Log. of the root is 1.34242 


To find any propoſed root of any decimal fraction, you mult firſt 
prepare the index for the diviſion by the propoied power, thus: For 
the ſquare you muſt add 10 to the index before you divide it; for the 
cube you muſt add 20 to its index before you divide it; and ſo on 
for the root of any power propoſed. 


Examers.—Whatistheſquareroot { What is the cube root of ,.125? 
of. oo 1849 
001849 Its log. is 7.26694 | 125 The log. is 2.09591 
Add 10. 1 20. 
217. 26694 Sum 3) 20 og6591 
Wt n J Its root = 969897 
43 The log. of the? a 
root is F 8.03347 


he 
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The APPLICATION of LOGARITHMS in meaſuring 
Boards, Timber, Glaſs, Stone, and all kinds of Pack- 


ages, uſually taken on board Ships“. 


Required the content of a board or | Required the content of a piece 
plank 94 feet long and 14 foot of glaſs 2.9 feet long, aud 1.75 
broad ? broad? 

Log. of 9! or 9. 5 is 0.97772 Log. of 2. 9=0.46240 
Iz or 1.25 is 0.09091 1.75=0 24304 

11.88 nearly log. of cont. 1.07463 5.075 =0.70544 

or 11 feet 104 inches nearly. | The content 1s 5.075 feet, 


In like manner may any dimenſions be ſquared, and the content 
be found. 

If the ſolid content be required of any box, bale, &c. add the lo- 
garithms of the length, breadth, and depth together, the ſum will be 
the log. of the ſolid content. | | 


ExAMPLE,—W hat is the ſolid content of a box whoſe depth is 
2. 7, breadth 2. 3 and length 4. 5 feet? 
2. 7 Its log. is 0.43136 
2. 3 Its log. is o. 30 73 
4. 5 Its log. is 0.65321 
Sum equal the log. of the content 1.44630= number 27.95 or 28 
feet nearly, 


The diameter of a caſk at the head and bung, and alſo its length 
being given, to find its content in beer and in wine meaſure ? 
Iſt. Multiply the difference of the head and bung diameter by o, 7, 


and add the product to the head diameter for a mean diameter. 


RULE FOR WINE MEASURE. RULE FOR BEER MEASURE, 
Place down the log. of the mean Pat this conſtant log. under the 
diameter twice thelog of the length, two former logs. always 7.44484 
snd under theſe two the conſtant log. the ſum of the four logs. will be the 
7.5348, the ſum of theſe four loga- | eontent for beer gallons, abating 10 
rithms will bethelog. ofthe content, | in the index. 
abating 10 iu the ſum of the indices. | 


7— — 


* The AuTHoOR has lately publiſhed an improved Guxrrz's Scart, on 
which the foot is divided into 10 equal parts, and theſe parts ſubdivided into 10 
equal parts, for the purpoſe of taking dimenſions and calculating by logarithms 
or decimal fractions. 
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FxAMPLE,— What is the content of a caſk whoſe head diameter 


is 20, the bung diameter 28, and length 40 inches ? 
28 
20 


8 Difference. 
7 


—  - - 


5.6 Number to be added to. 
The head diameter 20.0 | 


— — 


25.6 
FOR WINE. k | FOR BEER, 
. 1.40824 
Log. of mean. diam. = \ 140824 — | tacka 
Length 40= 1.60206 | — — 1.60205 
Conſtant log. 7.53148 — — 7.44484 
Log. of 89.13 gallons 1.95002 | Anſwer 73 gall. = 1.86338 of 
the content for wine, deer. 


The way theſe two conſtant multiplying logarithms were found 
is thus: ; 

iſt. The area of a circle, whoſe diameter is unity, is 78 54 deci- 
mal parts of the ſquare thereof; ſo that if the ſquare of the diame- 
ter of any ciccle be multiplied by ,7854, the product will be the area 
of the given circle: hence ,7854 is always a conttant quantity whoſe 
logarithm is 9.89509. | 

2. If the area of a circle be divided by 231, the number of cubic 
inches there are in a wine gallon, the quotient will be the number of 
gallons that circular area contains, at I inch deep: hence 231 is a 
conſtant diviſor. Its logarithm is 2. 36.361, the arithmetical comple- 
ment of which is 7.63639, which I add to the former ' conſtant 
logarithm 9.89509 | 

7-03039 

The ſum 7.53148, abating 10 in the indices, is the conſtant lo- * 
garithm to be added, as per rule, for wine meaſure. 

For beer meaſure tbe diviſor is always 282, its logarithm is 2,45025, 
whoſe arithmetical complement is 7. 54975 

dd 9. 89509 
Sum 7.44484, the conſtant logarithm 
for beer meaſure, as per rule, omitting 10 in the index, or ſubtract 
2.45025 from 9.89509 | 
Take 2.45025 


Remains 7.44484, the N as above. 


o 


T2 
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The common Way of finding a Ship's Tonnage at London. 


Rurs.— Multiply the length of the keel by the breadth of the 
beam, and that product by half the breadth of the beam, and divide 
the laſt product by 94, and the quotient ariſing is the tonnage. 

ExXAMPLE.—Suppoſe a ſhip 72 feet by the keel, and 24 by the 
beam, what is the tonnage ? 


Length 7” [g. is 1.85733 
Breadth . 
Half-breadth 12, do. 1.07918 
Arith. complement of log. of 94, do. 8.02687 


Tonnage 220.6 - - 2.34359 Anſwer. 


To find the Logarithm of the Sines, Tangents, and Secants, belonging 
to ary Number of Degrees and Minutes required, 


If the required degrees be leſs than 45, ſeek the degrees on the 
top, and the minutes in the left-hand column marked M, againſt 
which in the column ſigned at the top with the propoſed name, fands 
the ſine, tangent, and ſecant required; but when the degrees given 
are more than 45, ſeek the degrees at the bottom, and the minutes 
in the right-hand column marked M at the bottom, and the propoſed 
name of the bottom, Here it may be obſerved, that the degrees at 
the top and minutes at the left-hand column, added to the degrees at 
the bottom and minutes in the right-hand column, always make go z 
hence, if a fine be looked for, the co-ſine or complement will be 
found in the adjoining column : the ſame may be obſerved of tangents 
and ſecants. P4 


EXAMPLE I.— Required the | EXJAMPLE II. Required, the 
log. ſine of 28* 37'? log. tangent of 6745! 
Find 28 at the top of the page, Find 679 at the bottom of the 
and in the left-hand column mark- page, and 45 at the right-hand 
ed M at the top, find 37; againſt | column marked M at the bottom 
which, in thecolumn * with | againft this in the column marked 
the word Sine, ſtands q. 68 029, the Tan ent at the bottom, ſtands 
logarithm of the ſine of 28 37 | 10.38816, which is the logarithm 
required. The ſame may be ob- required. 
ſerved of tangents and ſecants. 


Having the fine, tangent, and ſecant, the co-fine, co-tangent, and 
co-ſecant, are always found in the adjoining columns. 

The logarithm to any number of degrees above 9o?, is found by 
ſubtracting the given degrees from 180”, and ting the logarithm 
of the remainder; or if 90 be ſubtracted from the given ſine, and 


the log. co-fine of the remainder be taken, it will give the ſame as 
ve. i 


To 
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To find the Degrees, Minutes, and Seconds, correſponding to any given 
| Leogaruhm. 


If the degrees, minutes, and ſeconds, be wanted to a given loga- 
rithmic fine, or co- ſine thus found, and the next greater and the next 
leſs than the given logarithm, and the difference between the given 
logarithm aud the next leſs if a fine, and the next greater if a co- 
ſine ; then ſay, as the difference between the next greater and the 
next leſs is to 60", ſo is the difference between the next leſs if a fine, 
and the next greater if a co- ſine, to the number of ſeconds to be an- 
nexed to the degrees and minutes found before. 

EXAMPLE I.—Find the degrees, minutes, and ſeconds, correſ- 
ponding to log. fine 9.61405 ? 

Next leſs log. 9.61382 Next leſs log. 9.61382 
Next greater 9.61411 Given log. 9.61405 


29 23 


Here the given log. is found ſtanding between 24? 16 and 24 
17'; then as 29 is to 60, ſo is 23 to 48, which annexcd to 23 10 
gives 24 16' 48", anſwering to log. 9.61405. 


ExamPLE II.—Find the degrees, minutes, and ſeconds, correſ- 
ponding to the log. co- ſine 9.43297 
The neareſt found between 7416 and 74 17/, 


Next greater log. 9.43323 Next leſs log. 9.43323 


Next leſs 9.43278 Given log. 9.4 3297 
Diff. 45 Diff. 26 


Now as 45 is to 60, ſo is 26 to 34", which annexed to 74 16 
gives 74* 16/ 34", the degrees, minutes, and ſeconds required. 


To find the Logarithm «f the Sine or  Ci=ſine, for Degrees, Minutes, 


and Seconds. 


RuLEe.—PFind the logarithm to the degrees and minutes as before; 
take the difference between the logarithm and the next greater in the 
line; but if a co-fine, the next lets; multiply this difterence by the 
odd ſeconds, and divide the product by 60'; add the quotient to the 
right-hand of the log. of the degrees and minutes, if a fine, but ſub- 
tract it if a co- ſine, the ſum or difference will be the logarithm, fine, 


or co- ſine requireg. 
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ExAMPLE I.—Requircd the log. 
line of 24 16' 48"? 


Sine of 249 16' 9.61382 
Sine of 24* 17 9.61411 
Diff. 29 


Now 29 multiplied by 48 
gives 1392; this divided by 60, 
the quotient is 23, which added 
to 9.61382, gives 9.61405, the 


ExamPLE II.— What is the log. 
co- ſine of 74 16 34"! 
Log. co-ſine of 74 16 9.43323 
Log. co-ſine of 74 17' 9.43278 


Diff. 47 

Now 47 multiplied by 34 
1598; this divided by 60, gives 
the quotient 26 nearly; and 26 
ſubtracted from 9.43323, leaves 


log. of 24 106 48/. 


9-43297, the log. co- ſine of 74? 
16' 34. | 


If the given ſeconds be , J, J, J, or 2, or any other even parts of 
a minut-, the like parts may be taken off the difference of the loga- 
rithms, and added or ſubtracted as above, which may be frequently 
done by inſpection, 


To find the Arithmetical Complement of any Logarithm. 


The complement Arithmetic of any logarithm is what it wants of 
10.00000 or 29.00000, and is uſed to avoid ſubtraction. For find- 
ing it, this is the rule: Take the reſidue or remainder of the firſt fi- 
gure tO 0, and ſo of the reſt, till you come to the laſt figure; of 
which take its remainder under 10, and it is done. 


. ExamPLE I, —I would have the complement arithmetic of 
9.62595? : 
For the firſt figure 9, write 0; for 6, 3; for 2,7; for 5, 4; for 
9, ©; and for the laſt figure 5 write 5; and io you have 0.37405 for 
the complement arithmetic ſought, 


ExAmPpLe I.—The complement arithmetic of 20. 33133 
For o write 9, and fo on as before directed, and then you will 


have 9 06867, which is the complement arithmetic of 20.33133» 
Or thus: 


From 10.00000 | From 20.00000 
take 9.02595 | take 10.33133 
0.37405 9.06867 


It will be neceſſary for the reader to make himſelf well acquainted 
with the following propoſitions, as he will find them uſeful when he 
goes into 'T'rizonometry, which are here rendered plain and eaſy to 
be underſtood : | 

6. 


ProP»s:TION I. — If a right line ſtands upon, or meets with an- 
other right line, and makes angles with it, the two angles taken toge- 
ther will be two right angles, or two angles equal to two right angles. 

| Let 


— 1 * — Land 


+ 
' 
R 
' 
2 


. will be found that the angle AEB is 
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Let the line CD meet AB in D; on 
D ere& the perpendicular DE; with the 
chord of 60® in your compaſles, and one 
in D, deſcribe the arch A EB, which will 
be a ſemicircle or 1805; of which AB is 
the diameter, and the angles A D EK and 
BDE are quadrants, each 90, becauſe LD A D B 
is perpendicular to AB: now the angle BDC is leſs than go?, ſince 
the two angles together make neither more nor leſs than 1809 or a 
ſemicircle; conſequently any number of right lines ſtanding upon the 
ſame fide of the line AB, and coming from the ſame point D, the 
ſum of all the angles formed by ſuch right lines cannot exceed 1809. 
if the angle BDC be ſubtracted from 180®, the remainder will be the 
angle CDA; or if the angle ADE is given, the angle BDC is found 


in the fame manner, 


- 


- ProposITION II.—If two right lines croſs each other, the angles 
which are oppoſite are equal one to the other. 

Let the two lines AD and CB croſs C A 
each other in the point E. With the chord 
of 60®, or any convenient radius, in your 
compaſſes, and one foot in E, deſcribe a 
circle; then, by meaſuring the angles, it 


equal to the angle C E D, and that the 703193 
angle AEC is equal to the angle BED; i 
for the angle A E B added to the angle ; 

AE C makes a ſemicircle; and ſo do 
the angles BED and DEC; and all the . 
angles taken together make 360“. D B 


PRopoStTION III.—If a right line croſs two parallel lines, the 
outward angles will be each equal to the inward and oppolite ones. 

Let the lines AB and CD be pa- 
rallel lines, and E the line that 
cuts them in the points G and H. 
With the chord of 60 in your com- 
paſſes, and one foot on G and H, 
deſcribe the arches BEA and DFC, 
which will be each a ſemicircle; 
now by meaſuring the angles BGE 
and AGE, they will be found equal 
to the angles DHF and FH C,“ 
and each equal to 180, by the firſt 
Propoſition. In like manner it may 
be proved, that the two outward F 
angles are equal to the two inward and oppoſite ones. 


I'Ro- 
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PRoposITION [V.—In every plane triangle, whether right or 
oblique, the three angles are equal to two right angles or 180% 


713 26" £9 26 


| 


In the triangle AGB draw CD parallel to AB through the point 
G; on which point, with the chord of 60, or any convenient radius, 
deſcribe a circle on the point G; and with the ſame radius, on A and 
B, deſcribe arches; now, by the laſt propoſition, the angle AGB 
wili be equal to the angles. FGE, and the angle ABG will be equal 
to the angles CGE, and the angle BAG is equal to the angle DGF : 
now, ſince the oppoſite angles are equal, the angles DGF. FGE, 
and EGC, together, make a ſemircle or 180“; therefore it is plain 
that the three angles of a plane triangle, whether right, acute, or ob- 
tuſe, together, are equal to two right angles or 1809; hence it fol- 
lows, that as the right angle BAG is 90, the other two acute angles 
ABG and AGB taken together, can be no more than go* ; there- 
fore, if one of the acute angles, in a right-angled triangle, be given, 
the otner is found by ſubtracting the given angle from goY. And in 
any oblique-angled triang1-, if one of the angles be given, the ſum of 
the other two is found by ſubtracting the given angle from 180 ; and 
if two angles are given, the third is found by ſubtracting the ſum of 
the two angles from 1805. 

ProposITION V.—In every plane triangle, if one of its ſides be 
produced, the outward angle will be equal to the two inward oppo- 
lite angles. | 
Let ABC be the triangle, and CD 
the ſide produced: with the chord of 
60%, or any other radius, deſcribe 
arches on AB and C, draw CE paral- 
lel to AB; then, by the third propoſi- 
tion, the angle ACE muſt be equal to 
the angle BAC, and the angle DCE 
equal to the angle CEA; therefore the outward angle DCA is equal 
to the two inward oppoſi e angles ACB and BAC; which may be 
eaſily proved by meaſuring the angles by the line of chords on the 
plane ſcale, : 
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Norr. I hope the learned mathematician will excuſe the method 


here taken of demonſtrating the above propoſitions in a mechanical 
manner, judging it beſt adapted to the capzcity of thoſe for whoſe uſe 


„ 1 0 => 


to them both, as DH is the 


this book is intended, not doubting but the teacher will, as | always 
do, demonſtrate them in a more geometrical manner to thoſe who are 
capable of receiving ſuch. 


| 


TRIGONOMETRY. 


P. ANE Trigonometry is the art of meaſuring plane triangles, by 


comparing the ſides and angles together by known analogies; 


: whereby three things being given, a fourth may be found, on cohdi- 


tion that one of them be a tide: but as angles are meaſured by the 
arch of a circle, deſcribed upon their angular points, and the pro- 
portions that theſe arches bear to right lines cannot be exactly found; 
therefore the writers of Trigonometry have applied right lines to 
theſe arches, that the proportion they bear to the {des of a plane tri- 
angle may be found, 

The right lines applied to a circle are: 

Iſt, A CH0RD, or the ſub- 'E 
tenſe of an areh, is aright line 
that divides the circle into two 
unequal parts, and 1s a chord 


chord of the arches DH and 
DAH. 

2d. A Rohr Sint of an 
arch is a right line drawn from 
one end or termination of an 
arch perpendicular to the ra- 
dius, or it is half the chord of 
twice the arch; ſo that RS is 
the fine of the arch AS, and . . 
SZ the co- ſine. \ Fl 

zd. A Verſed StNr is that * 4 
part of the diameter contained Is In 
between the right fine, and =... UN 4 


*3192ur , 


. > 22 


the arch, as RA and R CD, 
and is the verſed fine of SH D, or B EP its equal. 


4th, A TAxGEnrT of an arch, is a right line drawn perpendicu- 
lar to one end of the diameter, juſt touching the arch, as A T is the 
tangent of the arch A S and HG the co tangent, 
| 5th, A SECANT 
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A SECANT of an arch is a right line drawn from the center 
through the circumference, and produced until it cuts the tangent, 
as CT. - 7 

Nor E. The fine, tangent, and ſecant of the complement of an 
arch, is called the co-ſine, co-tangent, and co-ſecant of that arch. 

The fines, tangents, and fecants of an arch, are ſaid to be the 222 
meaſure of ſo many degrees, as that arch contains parts of 360 de- 
grees; ſo that the radius being the ſine of a quadrant, or a fourth part 
of a circle, contains 90, thus: The radius is always equal to the 
fine of 90%, as is the chord of 60 and the tangent of 459, all the 
three being each equal to the radius: and that the ſine, tangent, and 
ſecant of an arch is equal to the ſine, tangent, and ſecant of an arch, 
as much above 90 degrees as the former was deficient of 90; thus 
the ſine, tangent, or ſecant of 80 is = 1009, of 70® is 110%, of 60? 
is = 120; of 40“ is = 240", &c. ſo that in taking out the loga- 
rithms of fines, tangents, or ſecants, for any number of degrees 
above 9oꝰ, the given angle muſt be ſubtrated from 1809, and the 
logarithm of the remainder be taken; or ſubtract 90 from the given 
angle, and take the log. co-fine, co-tangeat, or co- ſecant of the 

/ 


remainder. 


— 
* 


Notwithſtanding what has been ſaid in Geometry, it may not be improper 


here to obſerve that, t 

f 

1ſt. The feweſt number of right lines that can include a ſpace are F 
three; which is called a triangle, or three-cornered figure, and by 

conſiſts of fix parts, viz. three fides and three angles. 7 ö 
2d. In every triangle the greateſt ſide is oppoſite the greateſt an- | 

gle; conſequently, the greateſt angle is oppoſite the greateſt ſide. i: 

zd. In every triangle equal ſides ſubtend or ſtand againſt equal 

angles. j v 

4th. In every plane triangle the three angles together are equal n 


180 — See Prob. 3d, in Geometry. 
5th, If in a triangle, one angle be right or obtuſe, the reſt are b. 
acute; and if one angle in a triangle be right, the other two taken 


. . m 
together make one right angle, or 90?; wherefore if one of the 
acute angles, in a right-angled-triangle, be known, the other 1s fo 
found by ſubtracting the known angle from 90%. | 
6th. In every plane triangle, if one of the angles be given or th 
known, the ſum of the other two is found by ſubtracting the given - 
angle from 180", and if two of the angles be known or given, the th 
third is found by ſubtracting their ſum from 180. | e 


7th. The complement of an angle is what it wants of 900. | 
| : 8th, The 
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Sth. The ſupplement of an angle is what it wants of 180?. 

och. All angles are meaſured by the arch of a circle, deſcribed 
about their angular points with the chord of 609, and ſaid to be 
greater or leſs, according to the number of degrees or parts to be 


5 cContained between their legs; which legs may be ſuppoſed to be 
5 => yards, miles, leagues, &c. and are meaſured on a ſcale of equal 
9 arts. 

1 6 5 roth. A circle deſcribed with a chord of 609, the circumference 
d © © will contain four right angles, or 360%, the quadrant 9go?, and 
h, ſemi- circle 1800. 3 
us > Tith. The angles of two triangles may be reſpectively equal, al- 
Q? though their ſides may be unequal. Therefore, among the things 
a- given, in order to find the reſt, one of them muſt be a tide, 

es In Trigonometry, the three parts given, in all triangles, muſt be 
ne either 
= iſt. Two ſides and an angle oppoſite one of them. 

e 


2d. Two angles and a fide oppoſite one of them. 
3d. Two ſides and the included angle. 
4th. Three ſides. 


er In either caſes, the other three things may be found by help of the 
table of logarithms, artificial fines, tangents, and ſecants, by the 
following axioms ; as well as by the foregoing conſtructions : 


re - 

1d a It may not be improper here to obſerve, that the properties of a right. 
> angled triangle depend on the 45th ↄropoſition of the firſt book of Euclid, where 
it is demonſtrated, that 

N- In every right-angled triangle, the ſquare of the hypothenuſe or longeſt fide 
is equal to the ſum of the ſquares of the other two fides or legs; conſequently 

ial having the ſquares of the bale and perpendicular, the ſquare root of their ſin 
3 will be the length of the hypothenule. — 
And, if the ſquare of the baſe be ſubtracted from the ſquare of the hypothe- 

al nule, the ſquare root of the remainder will be the length of the perpendicular. 

And, if the ſquare of the perpendicular be ſubtracted from the ſquare of the 
re hypothenuſe, the ſquare root of the remainder will be the length of the baſe; 


en conſequently by having any two ſides of a right · angled triangle, the third fide 
may be found. 


; Thus the lines of the lengths 5, 4, 3» (or their doubles, trebles, &c.) will 
15 form a right - angled triangle. 


Now the ſquare of 5 is 25, the ſquare of 4 is 16, and the ſquare of 3 is 93 


or then 16 and 9 is 25, its root is 5, the length of the hypothenuſe; and if 16 be 
en ſubtracted from 25 the remainder is 9, its root is 3, the length of the perpen- 
he dicular; again, if g be ſubtracted from 25 the remainder is 16, its root is 4, 


a a the length of the baſe: the ſame of any other numbers, which may be readily 
be done by the logarithms, or by the extraction of the ſquare root. 


Vi 
' 
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The Solution of the ſeveral Caſes in Plain Trigonometry depend upon four 
Propoſitions. called Axtoms, which the Learner ſhould get perfettly by 
Heart. e ſhall here give the fir/t Axtonggnly, and the reſt before 
we begin Oblique Sailing. | 


0 AXIOM. 1I, 

In any right-angled plane triangle, 

If the hypothenuſe be made the radius of a circle, the other tws 
ſides, or legs, will be the fines of their oppoſite, angles; but 

If either of the legs, including the right angle, be made the radius 
of a circle, the other leg will be the tangent of its oppoſite angle, 
and the hypothenuſe the ſecant of the ſame angle: 
For let the three following triangles have their ſides and angles 
equal : 
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It is plain, by comparing theſe with the firſt figure in Trigono- 
metry, that taking the hypothenuſe AB as radius in your compaſſes, 
and on A and B deſcribe circles, C B will be the fine of the angle 
BAC and CA will be the fine of the angle ABC, and B-C will 
be the fine of half the arch BD, or the ſine of half the angle BAD, 
being half the chord of twice the arch; but taking the baſe AC 
as a radius in your compaſſes, and with one, foot in A deſcribe a 
circle, it is plain that CB will be the tangent, and AB the ſecapnt of 
the ſame angle; but if CB, the perpendicular, be taken as the radius, 
and a circle be deſcribed on B, then will AC be the tangent of its 
oppoſite angle ABC, and the hypothenuſe the ſecant of the ſame 


angle: for it ſhould. be remembered, that when any one of the legs 


= - 


becomes a tangent of its oppolite' angle, the hypothenuſe always ®. 


accompanying it, becomes the ſecant of the ſame angle. 


Now, ſince, by making any of the ſides of a right-angled triangle : 


the radius of a circle, we can readily find the names or denomina- 


tions of the other ſide, it comes next to be confidered what parts or * 


things are given, and what required, in order to ſtate the queſtions 
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In this caſe we ſhall compare Trigonometry with the Rule of Three 


ur | l . 
„ in common Arithmetic ; where we are taught to conſider what name 
re or denomination the anſwer is to be of, which name muſt always be 


made the ſecond tern in ſtating the queſtion ; if pounds are to be 

the fourth number, or anſwer, then pounds muſt be the ſecond term; 

if yards are to be the anſwer, then yards muſt be the ſecond term. 

As for example, if 60 yards colt C. 120, what will go yards coft ? 
Then pounds being wanted, pounds muſt be the ſecond term. 


8 If 60 yards coſt ,. 120, what will go yards coſt ? 
. 90 
le, 6 
| ,0)1080(0 
& Ts 180 Anſwer, 
It is the ſame in Trigonometry ; for if the fourth number, or an- 
* ſwer, is to be an angle, an angle implied muſt be the ſecond term, 
and ſides the firſt and third terms; but when a fide is required, it 
= muſt be placed the ſecond term, and angles the firſt and third terms, 
* © in ſtating the queſtion ; conſequently, in all queſtions in Trigono- 
metry, if a ſide is required, you muſt begin with an angle or radius, 
which is always conſidered as a given angle, equal to 99? ; but when 
an angle is required, then you muſt begin with a known fide, 
In the Rule of Three we multiply the ſecond and third terms to- 
gether, and divide that product by the firſt term, and the quotient 
will be the fourth number ſought, and of the ſame denomination the 
ſecond term is of. Now; ſince the addition of logarithms anſwers 
the purpoſe of multiplication of whole numbers, and ſubtraction that 
of diviſion, add the logarithms of the ſecond and third terms toge- 
ther, and from their ſum ſubtract the logarithm of the firſt term, 
o- the remainder will be the logarithm of the fourth term. 
s 0 
* 4 As log. — bo — 1.77815 
ill 7 Is to log. of 120 — 2.07918 
1 A So is log. — 90 — 1.95424 
C N — — 
a Add 4.03342 
of Firſt term ſub, 60 is 1.77815 
5, ; — — 
s To anſwer 180 2.25527 
ne , , | | 
rs Here it is plain the logarithms give the ſame anſwer as that giyen 


7s oo by the Rule of Three. | 
Ina right. angled triangle there are always two ſides, or the angles 
3 and one ſide given, to find the reſt. 
== To find a tide, any fide may be made radius; then fay, as the 
name of the given fide is to the given fide, ſo is the name of the ſide 
E 2 | required 
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required to the fide required, which muſt be found among the loga- 
rithms. 

To find an angle, one of the given ſides muſt be made radius; 
then ſay, as the ſide made radius, is to radius, ſo is the other given 
ſide, to the fine, tangent, or ſecant, by it repreſented ; which be- 
ing looked for in the table of fines, tangents, and ſecants, there 
will be found the degrees and minutes correſponding to the angle 
required, 


Solution of the Sir Cases in Right-angled Trigonometry. 


CASE I. 


The Angle and Hypothenuſe given, to find the Legs. 


Given the hypothenuſe AC 250 leag. and the angle oppoſite to 
the baſe CB=54® 30, to find the baſe CB and perpendicular AB. 


By CONSTRUCTION. A 

Draw the baſe CB of any length, on 

C deſcribe the arch DE, from E to D 

tay off 35* 30, through C and D draw 

a line, which muſt be equal to 250; 

from A let fall the perpendicular AB, 

to cut CB in B, and it is done; for CB 
will be 203.5, and AB=145 2. 


By CALCULATION. 


Buy making the Hypothenuſe CA Radius, it will be, 
To find the Baſe BC. To find the Perpendicular AB. 
As radius 10.00000| As radius lo. oo 
Is to the hypoth. CA 250 2.39794 Is to the bypoth. CA 250 y 2.39794 
So is the ſine ang. A 54% 30 9.91069 So is fine ang. C359 30 9.76395 


12. 30863 12.16189 

10.00000 10.00000 

To the baſe BC 203,5 2.30863 To the per. AB 145,2 2.16189 

By making the Baſe Radius, the Proportion by Axiom the firſt, will be, 
To find the Baſe BC. | To find the Perpendicular AB. 


As ſec. ang. C 35 30 10.0893 1 As ſec. ang. C 350 30 10. 08931 


Is to hypo. AC 250 2.39794 Is to bypoth. AC=250 2.39794 


So is radius lo. ooo So is tang. ang. C5 30% 9.83327 br 
12.39794 12-25121 
10.0893 1 ' 10.0693 1 4 


—— 


To the baſe BC 203,5 2,30863 To the per, AB 14, = 2.16190 4 
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By making the Perpendicular Radius, by Axiom the firſt it will be, 


To find the Baſe BC. | To find the Perpendicular AB. 

As ſec. ang. A 549 30 10.23605| As ſec. ang. 54* 30' 10.23605 
Is to hypoth. AC 250 2.39794 Is to hypoth. AC 250 2.39794 
So is tang. an. A 54% 30 10. 14637 So is radius 10.00009 
12.54407 12.39794 

10.23605 10.23605 

To the baſe BC = 203,5 2.30862 | To the per. = AB 145,2 2.16189 


Nor E. In the firſt ſtating, where the hypothenuſe is made radius, 
the ſum of the logarithms of the ſecond and third terms are 12. 308633 
from which it is eaſy to ſubtract the logarithm of the firſt term; for 
you may either cancel it, or leave it out; and then caſt off the firſt 
figure towards the left hand, and it will leave the logarithm 2.30863, 


| the ſame as if 10.00000 had been ſet down and ſubtracted from it: 


and indeed, the five cyphers may be always omitted in the radius, 
and only the index 10. ſet down. | 

It will greatly expedite the working the proportions by loga- 
richms, if the two or all the ſtatings be firſt made, and then the fines, 
tangents, or ſecants, may be taken out at one opening of the book; 
for if one angle of a right-angled triangle be given, the logarichny 
of its complement, or the other angle, whether ſine, tangent, or ſe- 
cant, is found in the adjoining column, without being at the trouble 
of ſubtracting the given angle from 90. If the given angle be leſs 
than 45 degrees, it 1s found at the top of the table, and the minutes 
in the left-hand column reckoned downwards, and its complement 
is found at the bottom, and the minutes on thexight-hand column. 
On the contrary, if the given angle is found at the bottom, its com- 
plement, or the other angle, will be at the top of the table, and the 
minutes in the leſt-hand column, againſt which is the log. ſine, tan- 
gent, or ſecant correſponding to it, | 


By GUNTER's SCALE. 


In all proportions wrought by Gunter's Scale, when the firſt and 
fecond terms are of the fame kind, then the extent from the firſt 
term to the ſecond, will reach from the third to the fourth; 

Or when the firſt and third terms are of the ſame kind, 

The extent from the firſt rerm to the third will reach from the 
ſecond to the fourth; that is, ſet one point of the compaſſes on the 
diviſion expreſſing the ſecond term, then, without altering the open- 
ing of the compaſſes, ſet one point ou the diviſion repreſenting the 
third term, or ſecond term, and the other point will fall on the 
diviſion ſhewing the fourth term or anſwer. 
Now in this laſt caſt caſe, it will run thus: 


Extend 


33 | TRIGONOMETRY. 
Extend from radius, or 9oꝰ, to 54 30 on the line of fines, that 


extent will reach from 250, the hypothenule, to 203,5, the baſe, on 


the line of numbers ; and the extent from radius, or fine of 90? to 
35? 30' on the line of fines, will reach from 250 to 145 on the line 
of numbers. 

Obſerve the like in all that follows, except in thoſe proportions 
where the word ſecant is mentioned, which may be readily wrought 
by conſidering the hypothenuſe radius, as in the laſt caſe; there 
being no line of ſecants on Gunter's Scale. . 

NoTE. The radius, according to the nature of the proportion, 
may be any of theſe: 

8 Points on the line of Rhumbs. o On the line of Sines. 
4 Points on the line of Tan. Rhbs. 45 On the line of Tangents. 


CASES II. and III. 


The Angles and one Leg given, to find the Hypotbenuſe and other Leg. 


The Angle ACB 33 15 the Leg BC 325 Miles given, to find 
the Hypothenuſe and the other Leg. 


By CONSTRUCTION. 


Draw the line BC, which A 
make equal to 325 miles; on 
B erect the perpendicular B A; 
on C deſcribe an arch with the 
chord of 60“, and make the 
angle C = 33? 15 through 
where that cuts the arch draw 
AC to cut AB in A, and it is 
done; for B A being meaſured 
on the ſame ſcale that B C was, B 7 x 
will be 213,1 and AC 318,6 C 
miles, 


By making the Hypothenuſe AC Radius, it will be, 


To find the Perpendicular AB. | To find the Hypothenuſe AC. 
As fine ang. A 5645 9.92235 As fine ang. A. 56645 9.92235 
Is to the baſe BC 325 2.51188 [Is to the baſe BC 325 2.51188 


So is fine ang. C 33® 15” 9.73901 So is radius 90® io. ooo 
12. 23089 12.51188 
9.92235 9.922335 


To the perpen. AB 213,1 2.325 54 To the hypoth. AC 388,6 2.58953 
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By making the Baſe BC Radius, it will be, 

To find the Perpendicular AB. To find the Hypothenuſe AC, 
As radius go? 10,00000 | As radius go® 10,00000 
Is to the baſe BC 325 . 188 Is to the baſe BC 325 2.51188 
So is tang. ang. C 33? 15' 9.81666 So is ſec, ang. C 33% 15* 10.07765 


— —— — — nnnnn——— 
12.3285 12.5893 
10.00000 10.00000 

— — — — 


To the perpen. AB 213,1 2, 32854 To the hypoth. AC 388,6 2.58953 


By making the Perpendicular AB radius, it will be, 
To find the Perpendicular AB. To find the Hypothenuſe AC, 


As tang. ang. A 56? 45” 10.18334 | As tang. ang. A. 56945 10.18334 
Is to the baſe BC 325 2.51188|Is to the baſe BC 274 2.51188 


$0 is radius 90 10.00009 So is ſec. ang. A 56 45 10. 26099 
12.51188 12.77297 
10.18334 10.18334 


—— — — — — 


To the perpen. AB 213,1 2.32854 To the hypoth. AC 388,6 2.58953 
By GUNT E R. 

© Extend from 56 degrees 45 minutes to 33 degrees 15 minutes 
on the line of fines, that extent will reach from the baſe 325 to the 
perpendicular 213,1 on the line of numbers.“ 

2dly. Extend from 50 degrees 45 minutes to radius on the line 
of fines, that extent will reach from the baſe 325 to the hypothenuſe 
388,6 on the line of numbers.“ 


CASE IV. and V, 


The Hypothenuſe and one Leg given, to find the Angles and the other Leg. 


The leg AB 91, the Hypothenuſe 170 given, to find the angle 
ACB, or BAC, and the leg BC. | 


By CONSTRUCTION. 
A 


Draw BC at pleaſure, on B 
erect the perpeadicular B A, 
which make equal to 91, take 
1701n your compaſſes, and with > 


one foot on A, lay the other on : 
the line BC, and join Aand C £ 

and ĩt is done: for the angle G 
will, be 32* 22', the angle A 
57* 38 and BC 143,6. 1 C 


On 
* 
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By making the Hypothenuſe Radius, it will be, 


To find angle C, | To find the baſe CB. 
As the hypothenuſe 170 2.23045 | As radius Io. ooo 
Is to the radius 10 00000 [Is to the hypoth. 170 2.23045 
$0 is the perpend. 91 1.95904 | So is fine ang. A 57? 38' g. at 
11.95904 | 12.15712 
2.23045 19.00000 
To ſine angle C 32 22 9.72859|To the baſe 143,6 2.15712 

By making the Ferpendicular Radius, it will be, 

To find the angle A. | To find the baſe BC. 
As the perpendicular 91 1.95904 | As the radius 10.00009 
Is to the radius 10.000C0 | Is to the perpend. 91 1.95904 
80 is the hypoth, 170 2.23045 So is tang. ang. 57 38“ 10.19805 
12.23045 12.15709 
1.959044 10,00000 
To ſec. ang. A 57 38“ 10.27141|To the baſe 143, 6 2.15709 


By GUNTER. 


© Extend from hypothenuſe 170 to the perpendicular 91 on the 
line of numbers; that extent will reach from radius to ſine angle C 
the complement A 32 degrees 22 minutes on the line of fines.” 

2dly. * Extend from radius to fine angle A 57 degrees 38 mi- 
nutes ; that extent will reach from the hypothenuſe 170 to the baſe 
143.6 on the line of numbers.“ | 


CASE VI. 


The Legs given, to find the_Angle and Hypothenuſe. 
The legs AB 890, BC 787 given, to find the angle BAC, or 
ACB, and the hypothenuſe AC. 


By CONSTRUCTION. 


Make BC=787, and on B erect the perpen- A 
dicular BA, which make equal to 890; join 
AC, and it is done; for the angle C will be 
48* 31r'; conſequently, the angle A 41* 29 and 
hypothenuſe 1188. 
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| L TRIGONOMETRY, 41 
8 By making the baſe Radius, it will be, 
0 To find Angle C. To find the Hypoth. AC. 
As the baſe 787 2.89597 As radius 10.00000 
Is to radius 10.00000| Is to the baſe 787 2.89597 
So is the perpend. 890 2.94939| So is ſec, ang, C 48? 31' 10.17888 
12.94939 13.07485 
2.39597 10.000C0 
To tan, ang. C = 48? 31' 10.05342| To the hyp. AC =1188 3.0748 
| By making the Perpendicular Radius, it will be, 
| To find angle A. [ To find the Hypoth. AC, 
As the perpend. 890 2.94939 | As radius 10 02000 
Is to radius 19.00000 | Is to the perpend. 890 2.94939 
So is the baſe 1 =787 2.59597 So is ſec. ang. A 41 29 10.12543 
7 12. 89597 13.07482 
. 294939 10 o 


: To tan. ang. A 4129 9.94658 To the hyp. AC = 1188 3.07482 


: By GUN T ER. 
The extent from 787 to 890 on the line of numbers will reach 


1 
2 

x 
* 


ar 


An,. 


tiven, to find the baſe. 
An. Baſe 572,8 miles. 


find the perpendicular. 
Ans, p 


und the hypothenuſe. 


erpendicular 48,9 miles. : 
2ueft, 6. The baſe 33, and perpendicular 52 leagues given, to 


8. An, Hypothenuſe 61,59 * 


from radius (or 45 degrees) to 41* 290 on the line of tangents. 
zdly © The extent from ſine angle C 48 * 31 minutes to 

radius, or 90 degrees, will reach from the baſe 

nuſe 1188, on the line of numbers.” 


90 to the hypothe- 


Ducſtions to exerciſe the Learner in Trigmometry, 


I I 1. The hypothenuſe 496 miles, and the angle oppoſite to 
the bale 56® 15 given, to find the baſe and perpendicular. 

Ans. Baſe 412,4, and the perpendicular 275,6 miles. 

Dueft. 2, The perpendicular 275 leagues, and the angle oppoſite 
to the baſe 56® 15' given, to find the hypothenuſe and baſe.”  -- 

Ans, The hypothenuſe 495, and baſe 411,6 leagues. 

Jt 3. The baſe 33 yards, and the angle oppottte to the perpen- 
dicu Ty 26' given, to find the hypothenuſe and perpendicular. 

ypothenuſe 55,39, and the perpendicular 44,49 yards. 
Jueſt. 4. The tvpothenuſe 575, and perpendicular 50 miles 


pothenuſe 59, and the baſe 33 miles given, to 


AN 
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7 bat we begin Navigation, it may not be improper to give 
the Learner ſome idea of the Syſtem of the Univerſe, com- 
monly called the Solar, or Copernican Syſtem, which is as follows: 
Ihe Sun, that immenſe and amazing globe of fire, the fountain of 
the heat and light of the whole ſyſtem, is placed near the common 
center of the orbits of ſeven opaque ſpherical bodies, which make 
their revolutions round it in leſs or more time, according to their 
_ ſeveral diſtances from it. 
Mercury is neareſt to the Sun, and receives .its light and heat 
from it, and revolves round it in an ellipſis in two months and 
twenty-eight days, 

Venus is ſomewhat higher in the ſyſtem, and deſcribes its ellipſes 
round the Sun in ſeven months and fifteen days, and becomes our 
evening and morning ſtar by turns. 

The Earth is next to Venus, and deſcribes an ellipſis round the 
Sun in 365 days, or one year, which being at a greater diſtance 
from the Sun than the former planets, and therefore receiving leſs of 
its light and heat, to make up the deficiency, the wiſe Author of Na- 
ture has cauſed a ſecondary planet, called the Moon, to move round 
it in 27 days, 12 hours, and 44 minutes ; it receives its light and 
heat from the Sun, and reflects it upon the Earth, which in ſome 
meaſure compenſates for the abſence of the Sun, during the winter 
ſeaſons, in the North and South. 

Mars is ſtill higher in the ſyſtem, and takes a larger circuit, re- 
volving round the Sun in 1 year, 10 months, and 22 days. 

Jupiter is the largeſt of all the planets, and deſeribes a large ellip- 
ſis round the Sun in 11 years, 10 months, 27 days; there are four 
Satellites or Moons moving round it ; they receive their light from 
the Sun and reflect it upon their primary planet, as the Moon docs 
upon the Earth. 

Saturn revolves round the Sun in 294 years, has 5 Moons which 
move round him, and is allo ſurrounded with a prodigious ring or 
atmoſphere. | 

The 


CO —ů — —Uü—U— T——— —— ̃ — — — 


THE SOLAR SYSTEM. . 


Face Fage 22. 


1 


ln Jian vi the Moon 3 In Kelqper of the Dm 


——— 
— 


_— * ( „* . Mt. A 9 — ß . odio Ss. * 3 _— _ = - — * —_— — kd —_— 


INTRODUCTION TO NAVIGATION. 43 


The Georgium Sidus is the moſt remote of all the planets, and is 
attended by two ſatellites: the firſt or neareſt of which performs a 
ſynodical revolution in about eight days and three quarters, 

The ſecond (which is about half as far again diſtant from its pri- 
mary planet) is about thirteen days and a half in performing its ſy- 
nodical revolution. 

The fixed ſtars are ſuppoſed to be of the ſame matter with the 
Sun, and made for the ſame ends; each of them the center of its 
own proper ſyſtem, having planets moving round it as our Sun 
has. 

Comets are a ſort of planets moving round the Sun, in ellipſes 
' ſo very oblong, that their vilible parts ſeem to be in a manner 
parabolical, but have ſuch vaſt atmoſpheres about them, and 
tails derived from the ſame, eſpecially when they come near the 
Sun, as imply them defigned for very different purpoſes from the 
other planets, 

Having given a _ view of the Syſtem of the Univerſe, we 
ſhall now conſider the Earth a little more particularly; a perfect 
knowledge of the figure and motion of which, with various real and 
imaginary lines upon it, is abſolutely neceſſary in the Art of Navi- 

ation. 

. The land and water of this Earth, or Planet, upon which we live, 
make a compoſition of a ſpherical form, or racher an oblate figure, 
called the Terraqueous Globe, which by turning round its axis every 
24 hours, from Weſt to Eaſt, cauſe all the heavenly bodies to re- 
volve apparently from Eaſt to Weſt in the ſame time, making the 
viciſſitudes of the day and night; and this Earth, together with its 
Moon, by moving round the Sun in 1 year, or in 365 days 6 hours 
nearly, produce the ſeaſons of the year, viz. Winter, Summer, 
Autumn, and Spring. 

The Earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and all bodies that 
are looſe upon it cloſely adhere to its ſurface, tending directly to 
its centre, Hence it is, that ſhips are able to fail with the ſame 
facility every where (void of impediments) upon the ſurface of the 
ſea quite round the Terraqueous Globe, and that (as to ſenſe) 
there is no ſuch thing as an upper or lower part of the Earth ; for 
let the inhabitant be in what part ſoever, de will there gravitate to- 
wards the Earth's centre, and imagine hinleit to be ou the higheſt 

int of its ſurface; from whence he will oblerve the Heavens 

ike a large vault over his head, and his Antipodes he will ima» 
gine to be directly under him, as they will allo their's for the like 
reaſon, 

According to this law of Gravity, if the Earth were at reſt 
(and not acted upon by any other power) and its parts looſe, or 
its ſurface all over covered with a deep fluid: it would naturally 
form itfelf into a true Sphere or Globe. But admitting the Earth 
F 2 revolves 
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revolves about its own axis, with a rapid motion (from Weſt to 
Eaſt in 24 hours, the gravity towards its centre will thereby be 
diſturbed, and all the parts endeavour to fly off from the axis of the 
motion; and this inclination is greateſt to that part of the ſurface, 
which is at tne greateſt diſtance from the axis; and conſequently, 
the gravity towards the centre is there the leaſt: whence it will fol- 
low, that thoſe parts which gravitate the leaſt, muſt yield or give 
way. to thoſe that have a greater gravitation, to reſtore an equili- 
brium; and conſequently here will be formed a Spheroid, whoſe 
greateſt diameter will be perpendicular to the axis of motion, (com- 
monly called the Earth's axis) and the ſhorteſt diameter will be the 
axis itſelt. 1 
It is demonſtrated by the writers of mechanics, that the times 
of the periodical vibrations of all pendulums of equal lengths, ate 
in a certain proportion to the gravity by which they are acted upon ; 
and it has alſo been demonſtrated, that gravity acts in a certain pro- 
portion to the diſtance from its centre. Hence, by the help of pen- 
dulums, we may find the proportion of gravity upon any part of the 
earth; and conſequently, the proportional diſtance of that part to 
the diſtance of any other part from the Earth's centre. Now, it 
has been found by experience, that the degree of gravitation upon 
the Earth's ſurface under the equinoctial, is to the ſame in any pa- 
rallel of Latitude, in the ſame proportion (as near as obſervation 
could be made) that it would be, it the whole body,of the Earth was 
compoſed of a fluid ſubſtance, and fo formed itſelf into ſuch a figure 
as abovementioned, Hence we may inſer, that the Earth is a Sphe- 
roid; and its greateſt diameter (which is under the Equinoctial) 
is computed to be to the leſſer diameter, (which is under the Poles, 
or the Earth's axis) as 289 to 288; and conſequently, the ſpace 
upon the Earth's ſurface, anſwering to a degree of a great circle 
where it is greateſt, (or under the Equinoctial) is to the ſpace 
anſwering to a degree near the 'oles, (where it is leaſt) as 289 
to 288 ; or as a Ic o to 996.5 nearly: but this difference is ſo 
ſmall, than in all aſtronomical and geographical caſes, the figure 
of the Earth may be eſteemed truly ſpherical, though the ſmall 
difference from it does ſenſibly affect the motions of pendulums. 
That the Earth is round or nearly fo, will appear, not only 
from the circular ſhadow it has upon the Moon, when that body 
happens to be eclipſed by it, but allo from the very appearance of 
the Sea, and the many obſervations made by perſons ſtanding upon 
the ſhore, and viewing a ſhip departing from the port: they firſt loſe 
ſight of the body of the veſſel, whilſt they can {till ſee the rigging 
and uppermoſt fails ; but as the ſhip recedes farther, they loſe fight 
of theſe alſo, as if the whole were ſunk in the deep. Again, in 
a ſhip making towards the'land, the mariners firſt deicry on, tops of 
ſtecples, 
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ſteeples, trees, &c. pointing above the water; next, they ſee the 
buildings themſelves ; and laſtly the ſhore, which can only be the 
effects of the Earth's rotundity. 

Its being a globe, is alſo confirmed by the many voyages which 
have been made round it, from Eaft to Weſt; firſt by Magellatr's 
ſhip in the years 1519, 1520, 1521, in 1124 days; by Sir Francis 
Drake, in the years 1577, 1578, 1579, 1580, in 1056 days; by 
the late Lord Anſon in 4 years; and lately by the Captains Byte 
Carteret, Cook, and Clark, accompanied with ſeveral able mathe- 


maticians and naturaliſts, whoſe obſervations and diſcoveries do 


honour to this nation, as well as greatly contribute to the im- 


provement of Geography and Navigation: they have diſcovered 
many Fg in the South Seas, which were formerly unknown to 
uroFans. 

The little unevenneſſes of the Earth's ſurface, ariſing from the 
hills and vales, is no material objection to its being conſidered as 
round; fince the higheſt hill or mountain bears not ſo great a pro- 
portion to the bulk of the Earth itſelf, as the little riſings upon the 
coat of an orange, bear to the bigneſs of that fruit. 

In order to deſcribe the poſition of places, geographers have found 
it neceſſary to imagine certain circles drawn upon the ſurface of the 
Earth; to which they have given the names of Equator, Meridian, 
Horizon, Parallels of Latitude, &c. 

I. The Axis is a ſtrait line, imagined to paſs through the centre 
of the Earth; the extreme points are the poles, on which the Earth 
is ſuppoſed to move, one called the Artie or North Pole, and the 
other the Antartic, or South Pole. 

II. The Equator is a great cirele under the Equinoctial Line in 
the Heavens, compaſling the Earth in the middle, between the two 
Poles, and divides it into two equal parts, called the Northern and 
Southern Hemiſpheres: from it the latitude of places is reckoned 
either North or South ; and on it are counted the degrees of longi- 
tude from Eaſt to Weſt, This circle is called the Equator, becauſe 
when the Sun comes to it, which 1s twice a year, viz. about the 
21ſt of March, at his entrance into Aries, and again into Libra about 
the 23d of September, then, making equal day and night thronghout 
the world. | 

III. The Meridians are circles which paſs through the poles 
of the Earth, the Zenith, and Nadir, croffing the Equator at right 
angles, and dividing the Earth into two equal parts, one Eaſt and 
the other Weſt; and is fo called, becauſe when the Sun comes to 
the meridian of any place, it is then noon or mid-day. They are 
infinite in number, for all places from Eaſt to Weſt have their 
ſeveral meridians ; of theſe one is called the firſt or chief Meridian, 
from which the longitude of places is reckoned; it is of ſpecial 
note and uſe, but variouſly placed by geographers ; ſome placing it 
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at London, others at Paris, Teneriffe, &c, and is divided into twice 

o degrees, numbered from the Equator towards each Pole, ending 
in 90 degrees, and ſince the Earth turns once round its axis in 24 
hours, every point upon its ſurface deſcribing a circle of 360 de- 
grees in that time; therefore, any place lying 15 degrees to the 
Eaſt of us, has the Sun upon its meridian one hour ſooner ; or it 
is twelve o'clock with the eaſternmoſt, when it is eleven with us; 
and any place 15 degrees to the weſtward of us, has the ſun one hour 
after us. : 

IV. Latitude is the neareſt diſtance of any place from the Equa- 
tor; it is meaſured on an arch of the Meridian, intercepted between 
the place and the Equator, and therefore can never exceed 9o de- 
Foes It takes its name according as the place is ſituated, either 

orth or South of the Equator ; therefore, all places that lie at 
the ſame diſtance from, and on the ſame fide of the Equator, are 
ſaid to be under the ſame parallel of Latitude. Whence it follows, 
that if a ſhip fails from a North Latitude directly North, or in a 
South Latitude directly South, ſhe encreaſes her Latitude equal to 
the diſtance ſailed; and if a ſhip fails in North Latitude ſoutherly, 
or in South Latitude northerly, ſhe decreaſes her Latitude, becauſe 
ſhe fails nearer the Equator, from whence the Latitude is counted 
upon the Meridian : but if a ſhip fails from a South Latitude into a 
northerly one, or from a North Latitude into a ſoutherly one, from 
the difference of Latitude ſubtra the Latitude left, and the remain- 
der will be the Latitude come to, and of a different name with the 
Latitude left. | 

Parallels of Latitude are circles parallel to the Equator. 

The difference of Latitude is an arch of the meridian contained 
between the two Parallels of Latitude ; or it is the leaſt diſtance of 
the Parallels of Latitude of two places: ſhewing how far one of 
them is to the northward or ſouthward of the other, and can never 
exceed 180 degrees, | 

V. The Longitude of any place on the earth is expreſſed by an 
arch of the equator, ſhewing the eaſt or weſt diſtance of the meri- 
dian of that place, from ſome fixed meridian, where Longitude is 
reckoned to begin. 

Difference of Longitude is an arch of the Equator,” intercepted 
between the merjdians of two places, ſhewing how far one of them 
is to the ar ants or weſt ward of the other. 


» a „ 
— 
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Note. Here the Teacher will perhaps find it convenient to have a globe, or 
Map of the World before him, whereon he can point out the ſeveral Poſitions, 
Latitudes, Longitudes, &c, to the Pupil, as that will ſtrengthen his memory, 
and give him a better idea than he can poſſibly have by only reading them over, 
The tame may be obſerved in reading the uſe of Gunter's Scale and the Quadrant. 


As 
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As longitude begin at the meridian of ſome place, and is count- 
ed from chence both eaſtward and weſtward, till it meets at the ſame 
meridia' on the oppoſite point, therefore the difference of longitude 
can never exceed 180 degrees, 

VI. I he Horizon is that apparent circle which limits or bounds 
the view of a ſpectator on the ſea, or an extended plain; the eye of 
the ſpectator being always ſuppoſed the centre of his horizon. 
Every part of this circle is go degrees from the centre of it over 
our heads, which point is called the Zenith; and the-point of the 
Heavens oppoſite to it, or under our feet, is called the Nadir. 

When the ſun or ſtars come above the eaſternmoſt part of the 
Horizon, they are faid to riſe ; and when they deſcend the weſtern 
part they are ſaid to ſet. 

When a fhip is under the Equator, both the poles appear in the 
Horizon; and, in proportion as the fails towards either, or increaſes 
her latitude, that pole is ſeen proportionably above the Horizon, 
and the other diſappears as much: but when a ſhip is failing towards 
the Equator, or decreaſes her latitude, ſhe depreſſes the elevated 
pole; that is, its diſtance from the Horizon decreales: conſequently, 
the latitude of a place is always equal to the elevation of the pole 
above the Horizon, 7 

This circle is repreſented by the Mariner's Compaſs, divided into 
32 points or rhumbs, each 1115 

The Tropics are two circles parallel to the Equator, and diſtant 
from it 23 degrees 29 minutes; that on the north fide of it is called 
the Tropic of Cancer, at which the Sun has its greateſt north 
declination ; then making to us, and all places in north latitude, 


the longeſt day and ſhorteſt night, which is about the 21ſt of 


June. The other on the fouth tide is called the Tropic of Capri- 
corn, at which the Sun has its greateſt ſouth declination, making 
then our ſhorteſt day and longeſt night, which is about the 22d of 
December. 

The Polar Circles are alſo parallel to the Equator, compaſſing 
the poles of the world at 23 degrees 29 minutes diftance ; that about 
the North Pole is called the Artic Circle, and the other is called the 
Antartic Circle, 8 

Theſe Tropics and Polar Circles divide the globe of the earth 
into 5; parts, called Zones, of which 3 were accounted by the An- 
cients to be ſo intemperate as to be uninhabitable: the Zones are 
called Torrid, Frigid, and Temperate ; that is, 1 Torrid or Burn- 
ing Zone, 2 Temperate, and 2 Frigid or Frozen Zones. d 

he Torrid Zone is all that ſpace of the earth and ſea which lies 
between the Tropics of Cancer and Capricorn, and is 47 degrees 
broad: its inhabitants ſee the ſhadow of the ſua turn ſometimes to- 
wards one pole, and ſometimes towards the other. 


The 
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The two Temperate Zones are thoſe ſpaces of the earth and ſa 
eontained between each Tropic and the Polar Circles; the inha- 


bitants of the North "Temperate Zone have their ſhadows at noon 


full north, and thoſe of the South Temperate Zone have their ſha- 
dows at noon full ſouth, | 

The two Frigid Zones are ontained between each Polar Circle 
and its pole; thoſe who inhabit them have their ſhadow always 
running round them; according to the different motions of the 
ſun. 
Climates are thoſe tracks of the earth bounded by imaginary lines 
running parallel to the Equator, and of ſuch a breadth from ſouth 
to north, that the length of the artificial day in one ſurpaſſes that in 
the other by half an hour. 

The inhabitants of the earth are diſtinguiſhed by the ſeveral meri- 
dians and parallels under which they live, and are denominated 
either Periæci, or Antipodes. 

The Perizci are thoſe people of the earth who live under the 


. fame parallels, but oppoſite meridians. 


The Antiæci are thoſe people of the earth who live under the 


fame meridians, but oppoſite parallels. 


The Antipodes are ſituated directly oppoſite to each other, the 
feet of the one directly againſt the feet of the other, lying under 
oppoſite parallels and oppoſite Meridians. It is midnight with one 
when it is noon day with the other ; the longeſt day with the one 
is the ſhorteſt with the other ; the length of the day with the one 
is equal to the other's night; and the {ſeaſons are oppoſite ; being 
ſummer with one, when it is winter with the other, 

T he Real Parts are earth and water, generally divided into four 
parts or quarters, called Europe, Aſia, Africa, and America; each 
of theſe, and conſequently the whole globe, is divided into coiiti- 


nents, iſlands, ſeas, &c. 35 
A Continent is a great quantity of land not- divided by the ſea, 


| wherein are ſeveral empires, kingdoms, and countries con joined, as 


Europe, Aſia, and Africa, is one Continent, and America another. 
An Iſland is a part of the ear; that is enyironed or encompaſſed 
round by the ſea, as Great Britain and land. 8 
A Peninfula is a part of land almoſt ſurroundeu ith water, fave 
ene narrow neck of land which joins the fame to the Continent. 
An Iſthmus is a narrow neck of land joining the Peninſula to the 


- Continent, by which the people may paſs from one to the other, 


A Promontory is a high part of land, ſtretching itſelf into the ſea, 
the extremity of which is called Cape or Headland. | 

A Mountain is a riſing part of dry la d over-topping the adjacent 
country, and appearing firſt at a diſtance, 

The Earth being encompaſſed with water, whoſe waſhings, in ſur- 


rounding the dry land, cut and ſhape many winding bays, crecks, 


and 
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and meandring inlets, and extending itſelf round them all, is but 


one continued ocean. | 
An Ocean is a vaſt collection of ſalt water, ſeparating Continents 


from one another, and waſhing their borders or ſhores. 

A Sea is part of the Ocean, to which we muſt ſail through ſome 
Strait, as the Mediterranean and Baltic Seas. 

A Strait is a narrow part of the Ocean lying between two ſhores, 
and opening a way into ſome fea, as the Straits of Gibraltar, that 
lead into the Mediterranean Sea, and the Sound which leads into 


the Baltic Sea. 
A Creek is a ſmall narrow part of the ſez or river, that goes up 


but a little way into the land. 
A Bay is a great inlet of the Jand, as the Bay of Biſcay, and the 


Bay of Mexico; otherwiſe a Lay is a ſtation or road for ſhips to 
anchor in. 6 

A River is a conſiderable ſtream of water iſſuing out of one or 
various ſprings, and continually gliding along in one or more chan- 
nels, till it diſcharges itſelf into the Occan: The lefler ſtreams are 
called rivulets. 

A Lake is that which continually retains and keeps water in it, 
as the lake Zair. in Africa, and Nicaragua, in America. 

A Gulf is a part of the Ocean or Sea, contained between two 
ſhores, and is every where environed by land, except its entrance, 
where it communicates with other bays, ſeas, or oceans, 

There are five Oceans, namely, the Northern, the Atlantic, the 
Pacific, the Indian, and the Southern. 

The Atlantic Occan is uſually divided into two parts, one called 
the North Atlantic Ocean, and the other South Atlantic or Ethiopie 


Ocean. | 
The Northern Ocean ſtretches to the northward of Europe, Aſia, 


and America, towards the north pole. 
The Atlantic Ocean lies between the Continents of Europe and 


Africa on the eaſt, and America on the welt, 

1 hat part of the North Atlantic Ocean lying between Europe 
and America, is frequently called the Weſtern Ocean, - 

The Hacific Ocean, or, as it is ſometimes called, the South Sea, 
is bounded by the weltern and north-weſt thores of America, and by 


the eaſtern and north eaſt ſhores of Atta. 
The Indian Ocean waſhes the ſhores of the Eaſtern Coaſts of 


Africa, and the ſouth of Aſia, and is bounded on the eaſt by the 


Indian Iſlands and the Southern Continent. 
The Southern Ocean extends to the Southward of Africa and 


America towards the South Pole. 
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1 great end and buſineſs of Navigation is to inſtruct the 
Mariner how to conduct a ſhip through the wide and pathleſs 
ocean, to the remoteſt parts of the world, the ſafeſt and ſhorteſt way, 
in paſſages navigable, 

For the due and regular performance of which are requiſite— 
A perfect knowledge ot the figure and motion of the carth, the va- 
rious real and imaginary lines upon it, fo as to be able to aſcertain the 
real diſtance and ſituation of places with reſpect to one another, with 
the uſe or the ſeveral inſtruments made uſe of in meaſuring the ſhip's 
way; ſuch as the log, half. minute glaſs, quadrant, to take the 
altitude of the ſun and ſtars; compaſs, to repreſent the ſenſible 
horizon; and azimuth compaſs, to take the azimuth or amplitude 
of the fun, in order to know the variation of the magnetic needle; 
maps or charts of the ſeas and lands, together with the depth of 
water, the times and ſettings of the tides upon the coaſts he may have 
occaſion to approach near; a competent knowledge of currents; of 
the mould and trim of the ſhip, and the fail ſhe bears, that ſo due 
allowance may be made foc leeway : By help of theſe, and ſkill in 
the navigator, he may know at all times the place the ſhip is in, 
which way he muſt ſteer, and how far, to gain his intended port. 

Notwithſtanding what has been ſaid, it may net be improper here 
to obſerve, that, 

As latitude is counted. from the Equator upon an arch of the 
meridian, north and ſouth, the difference of latitude between two 
_ both north, or both ſouth, is found by ſubtracting the leſs 
atitude from the greater; but if one latitude be north and the other 
ſouth, the difference is found by adding both latitudes together, 

Conſequently, if a ſhip in north lautude fails northerly, or in 
ſouth latitude ſoutherly, ſhe increaſes her latitude z but in north la- 
titude failing ſoutherly, or in ſouth latitude failing northerly, ſhe de- 
creaſes her latitude z becaule ſhe fails nearer to the Equator, from 
whence the latitude is reckoned. 

Wherefore in north latitude failing northerly, or in ſouth Jati- 
tude {ailing ſoutherly, the ditterence of latitude added to the latitude 
left, gives the latitude in. 

In north latitude failing ſoutherly, or in ſouth lititude failing nor- 
therly, the difference of latitude tubtracted from the latitude left, 
gives the Jatitude in, 


When 
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When the latitude decreaſes, and the d ference of latitude is 
reater than the latitude failed from, ſubtract the latitude left from 
the difference, and the remainder will be the latitude in, and of a 
different name; for it is plain, in this caſe, that the ſhip has croſſed 
the Equator. 

As the longitude is counted from the firſt meridian eaſt and weſt, 
until it comes to the oppoſite meridian, therefore it cannot exceed 
180 degrees. 

The difference of longitude between two places, being both eaſt 
or weſt, is found by ſubtracting the leſs longitude from the greater; 
but if one be in eaſt longitude, and the other in weſt, their ſum is 
the difference of longitude. | 

Therefore in eaſt longitude failing eaſterly, or in weſt longitude 
failing weſterly, the difterence of longitude added to the longitude 
left, gives the longitude in. ; 6 

In eaſt longitude failing weſterly, or in weſt longitude failing eaſt- 
erly, the difference of longitude ſubtracted from the longitude left, 

ives the longitude in. 

When a {hp fails eaſt or weſt, until ſhe paſſes the oppoſite me- 
ridian, or 180 degrees, ſhe changes her longitude, or comes into a 
longitude of a different name. 

What has been ſaid, will be rendered familiar to the learner by 


the following examples : 


Exam. I. What is the difference EX Au. II. A ſhip from latitude 
of latitude between London in] 29* 17 S. ſails ſouthward until 
latitude 51* 32' N. and Rome in] her difference of latitude be 374 
latitude 419 54 N. miles, what latitude is ſhe come 

to ? 


From London's lat. 51 32 N. 


Subtract Rome's lat. 41 54 N. Latitude failed from 21) 15 8. 
— Diff. of lat. 374 7 60 = 6 148. 

Rem. the diff. of lat. 9 38 N. _ — 
60 Lat. in — 35 31 8. 


Diff. in miles — 578 


Exau. III. Required the difference|Exam. IV. A ſhip from latitude 
of latitude between Cape Finiſ- 8* 25'N, fails ſonth 600 miles, 
terre and Cape Rogue in South] what latitude is the in? 


America ? 
From diff. of lat, 609 


Cape Finſterre's lat. 42 5 N.] miles, or 10 oo 8. 

Cape Rogue's lat. 5 o S. Sub. lat. left — 8 253 N. 

Diff. of lat. 47 52 Diff. lat. in — I 35 8. 
6⁰ | 

Diff, in miles 2872 | 
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In the laſt example it is plain, that as the difference of latitude i; 
more than the latitude left, the hip muſt have croſſed the Equator, 


and conlequent'y come into ſouth 


latitude. 


Norzg. When one of the places has no latitude, or is on the 


Equator, then the latitude of the 
latitude, 


Exam. V. What is the difference of 
longitude bet ween Cape Finifterre 
and the eaſt point of Barbadoes ? 


Cape Finiſterre's long. 9 14W. 

Barbadoes' long. 59 37W. 

Diff. of long, — 50 23W. 
60 

Diff. in Miles 3023 


Exam. VII. What is the difference 
of longitude between Barcelona 


other place is their difference of 


Exam. VI. A ſhip from Cape 
Charles in Virginia fails weſt« 
ward, till her difference of lon— 
gitude be 400 miles, what longi- 
tude is the in? | 


Cape Charles's long. 75 W. 


Diff. of long. 400 miles = 6 40 W. 


— — — 


81 49 W. 


Exam. VIII. A ſhip from 155 40 
E. long. ſails weltward till her 
diff. of long. be 27 15), whatlong. 
is the in? 


Long. in _ 


| Long. left 15 40 E. 

and Liſbon? Diff. of long. 27 15W, 
Barcelona's long. 2 18 E. 8 E 

Liſbon's lot. g. 9 JW. 242 2 11 35 W. 

— — [Ex Au. X. A ſhip from longitude 

Diff. of long. — 11 25W 160 20 W. ſails weſtward until 


Exam. IX, What is the difference 
of longitude between the N. E. 
point of Japan and St. Chriſto- 
pher's ? 


N. E. of Japan's long. 140 25 E. 


St. Chriſtopher's long, 62 42W. 

Exceeds 180 co 203 07 
360 00 

Diff. of long. — 156 53W. 


the differs her long. 41© 20', what 

long. is ſhe in ? 
Long, left _ 
Ditt. of long. — 


160 20 W. 
41 20 W. 
201 40 
300 oo 


—— 7*— 1 — 


Long. in =_ 158 20 E. 


Here it 1s plain, that the ſhip has 
crolled the oppoſite meridian, and 
therefore has come intoa longitude 
of a ditferent name. 


In failing due north or fouth, the ſhip changes her latitude only; 
and failing eaſt or weſt, her longitude ; but failing upon any other 


courſe, ſhe muſt change both latitude and lon 


gitude. 


Falling or weſting in Plane Sailing, is called Departure or Meri— 


Jian Diſtance. 


The 
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The inſtrument uſed in meaſuring a ſhip's way at ſea, is the Log. 
Ships at ſea are directed from one place to another by means of 
an inſtrument called the Mariner's Compaſs. 

The Mariner's Compaſs is an artificial repreſentation of the ho- 
rizon of every place, by the means of a circular piece of paper, call-d 
a card, divided like the horizon into degrees and points, which are 
called Rhumbs. Now the card being properly fixed to a piece of 
ſteel, called the Needle, that has been touched with a loadſtone, 
(whoſe property is ſuch as to cauſe one end of the needle ſo touched 
to point towards the north, when turning freely on ſomething ſup- 
porting it) all the points of the card will be directed towards the 
correſponding points of the horizon: 

Hence it ſollows, that in every place the north point of the card 
ſhews the poſition of the meridian of that place, and ſome one rhumb 
or point of the card will coincide with, or be directed along the track 
that makes any given angle with the meridian; conſequently, by 
the help of the card or compals, a ſhip may be kept in any propoſed 
track or courſe. 

A Rhumb Line, or point, is a right line drawn from the centre 
of the compals to the horizon, and 1s named from that point of the 
horizon it falls in with, 

The Courſe, is the angle which any rhumb line makes with the 
meridian, and is ſometimes reckoned in degrees, and ſometimes in 
points of the compa(ls ; ſo that it a ſhip ſails upon the ſecond rhumb, 
or N. N. E. the courſe is 22 degrees 30 minutes: and fo for any 
other, as in the following table, which the learner ſhould be fo well 
acquainted with, or the compaſs, as to be abe readily to tell how 
many points any courſe or rhumb is diſtant from the meridian, or 
from the parallel, 


A Table 


. 
A Table of the Angles which every Point of the Compaſs makes with the 


eridian. 
| 
North. | South. Points. D. M. North. South. 
* | 2.49 
a 5- 37 
4 8. 26 
N. by E.] S. by E. I 11.15 | N. by W. S. by W. 
. 4 
„ 
ft | 19.44 
N. N. E.] S. S. E 2 22. 30 [N. N. W. S. S. W. 
2 is 25. 19 
1 
2 +3 30. 56 
N. Eby N. S. E. by S.] 3 33.45 N. W. by N. S. W. bys. 
Ii 3 36.34 
8 39.22 
3 42.11 
N. E. S. E. 4 45. © N. W. S. W. 
4. 
4 + | 50-37 
| | 4 + | 53-26 a 
N. E. by E. S. E. by E.] 5 56.15 N. W. by W. SWby W. 
3 4.9 + 
5 is 61. 52 
5 + | 04.42 
F. N. E. E. S. EI 6 67.30 W. N. W. W. S. W. 
: 6 'x | 70.29 | 
, 8 14 -| 73.7 
6 + | 75-50 
Z. by N.] E. by S. 7 78. 45 W. by N. W. by 8. 
7-13 $1. 4 
7 13 84. 22 
1 27. 11 
Eaſt. 8 90. d Weſt. 
| 


N. There are ma v kinds of Loge, 


THE MINUTE GLASS. 
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PLANE SAILING. 


LANE SAILING is the art of navigating a ſhip upon prin- 

ciples deduced from the notion of the carth's being ain . xte: ded 
Plane, and is no more than the applicatio of lane : rigonometry 
to the ſolution of the ſever] variations, or caſes; where the hypo- 
thenuſe, or longelt fide, is always the rhumb that the thip fails 
upon. | 

The Perpendicular is the difference of latitude counted on the 

meridian, and the baſe the departure: which is eaſting or weſti g, 
counted from the meridian, 
The Angle oppoſite the baſe is the courſe, or angle, that the ſhip 
makes with the meridian ; and the ange oppofite the perpendicu- 
lar is the complement of the courſe, which being take i together, 
make always eight points or rhumbs, which 1+ 9 degrees. 

In conſtru ing figures relating to a ſhip's courte, let the upper 
part of the paper, or what the figure is drawn upon, always repre ent 
the north; the lower part will be the ſouch; the right hand eaſt ; 
and the left weft. 

Draw the north and ſouth line to repreſent the meridian of the 
place the ſhip fails from; then, if the ſhip's courſe 15 to the ſouth= 
ward, mark the upper end of the line for the place failed from; 
but if the courſe is northward, mark the lower end tor that place. 

When the courſe is eaſterly, defcribe the arch, and lay off the 
courſe and departure on the right-hand fide of the meridian ; but 
when wefferly, on the leii-hand tide. 

When the courſe is given in degrees, the degrees expreſſing it 
muſt be taken from the line of chords: but when in points, from 
the line of rhumbs; and is always to be laid off upon the arch, be- 
ginning at the meridian. 

When the courſe is given in points, 1t may be ſet down with its 
correſponding logarithm in points in the calculation, as found in the 
firſt page of the logarithms, without reducing it into degrees, as it 
ſeems altogether unieccilary, 

In all cafes, wherever the complement courſe, or co-fine, &c. 
uſed, the degrees or points put down is the courſe itſelf; yet the 
logarithm belonging to the complement, or co ſine, &c. of that 
courſe is taken. 


CAS E 
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CASE I. 


Courſe and Diſtance ſailed given, to find the Diff-rence of Latitude an | 1 


Departure from the Meridian, 


A Ship from the Lizard, in latitude 49 57' N. ſails S. W. by W. A 


488 miles. 
Required the Latitude ſhe is in, and her departure from the Meri- 
dian ſhe failed from ? | 


By CONSTRUCTION. 


Draw the line CA to repreſent the meridian of the Lizard, and | 4 


C the Li ard oint. 


With the chord of 60“ in your compaſſes, and one foot in C, 


deſcribe the compaſs N. W. 8. E. 
Take 5 points in your compaſſes from the line of rhumbs on the 
plane ſcale, and ſet it off on the arch from S. towards W. for the 


courſe; draw the line Ch, which make equal to the diſtance 488; * 
draw BA parallel to the E. and W. points W. E. to cut the Meri- i 


dian in A. 
Then will A C be the difference of latitude 271,1, and A B the 
departure 405,8. 
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By making the Diſtance Radius, it will be by Axton I. 
The courſe 5 points = 56? 15/. | To the co-courſe 3 points 334 
To find the Departure. To find the Diff. of Lana“ 
As radius go/ 10.00000 As radius go! to. ooooo 
Is to the diſtance 488 2.68842 (Is to the diſtance 488 2.68842 
So is the fine courle 5 pts. 9.919853 So is co-fine courſe 5 pts. 9.74474 


12.650827 12.433 16 
10.00000 10.00090 


To the departure 405.8 2.60827 [To the diff. of lat. 271. 2.43316 
Now as the ſhip is in north Jatitule failing ſoutherly from the 
latitude left — _ — 49* 57 N. 
Take the difference of latitude 271,t = 4 318. 


—  — — 


Gives the*latitudein 45 26N. 


And the departure from the Meridian is 4053, miles. 


By making the Departure Radius, it will be, _ 
To find the Departure. To find the Diff. of Latitude. 
As co-ſec. courle 5 pts 10.08015 | As co- ſec. courſe 5 pts. 10.08015 
Is to the diſt. 488 2.68842 Is to the diſt. 488 268842 
80 is radius 8 pts. 90 10,00000|S0 is co- tan. courſe 5 pts. 9. 82489 


2 


12.68842 12.5133 1 
10.080 15 10.08015 


To the departure 405,8 2.6082) To the diff, of lat. 271, 2.43316 
By making the difference of latitude radius, it will be, 


| To find the Departure. To find the Difference of Latitude. 
As ſec. courſe 5 pts. 10.25526} As ſec. courſe 5; pts. 10.25526 
Is to the diſt; 488 2.68842 Is to the diſt, 488 2.68842 
So is tang. courſe ; pts. 10. 17511 So is the radius 8 pts. go? 10.00009 

12.863 53 12.688442 

10.253526 10.253526 
To the dep. 405,8 2.60827 To the diff. of lat. 271,1 2,433 16 


Here all the three ſides are made radius, to ſind the difference of 
latitude and departure; therefore, the Learner may make which 
ſide radius he pleaſes; but as for my part I thall make the firſt; where 
the diſſance is made radius, whenever the courſe is given. 

+ Though this method of working by logarithms is certain, yet 
the ſame may be wrought by — Soale and Compaſſes, much 
more 
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” © . . . 2 bd 
more expeditiouſly, and exact enough in the practice of naviga. 


- 
99 
* \ 


tion, 

NorEx. When the courſe is given in points, make uſe of the 
line marked fine rhumbs, and tangent rhumbs, on the upper fide 
of the ſcale ; when in degrees, make uſe of the lines marked ſine 


and tangent. 


By GUN T E R. 


Now to perform the laſt caſe, extend from radius or 8 points to 
5 points on the line marked SR; that extent will reach from the 
diſtance 488 to the departure 405, 8 on the line of numbers, 

2dly. Extend from radius or. 8 points to 3 points (the com- 


plement of the courſe on the line SR; that extent will reach from 
the diſtance 488 to the difference of latitude 271 on the line of 


numbers. 


Thus may all the operations be performed in the ſeveral caſes f I 


Navigation. 

By this caſe is calculated the tables of latitude and departure for 
every degree, point and quarter-point of the Mariner's Compaſs, 
to the diſtance of 300 miles, which is of excellent uſe in working 
day's works at ſca, and may be applied both to middle latitude and 
Mercator's Sailing, as ſhall be ſhewn hereafter ; we ſnall only pro- 
cced now to the working of the laſt caſe by the Table of Diff. of 


Latitude and Departure. | | 
By INSPECTION. 


Find the given courſe at the top or bottom of the tables, either 
among the points or degrees, and in that page, and right againſt 
the diſtance taken in its column, ſtand the difference of latitude and 
departure in their columns. | 

Thus the courſe is S. W. by W. or 5 points, which is found at 
the bottom of the table of difrence of latitude and departure for 
points: and as the diſtance 488 is too great to be found in the tables, 
divide it by 2, (or any other convenient number) and that gives 244, 
which look for in the diſtance column, and right againſt it ſtands 
1355 for the difference of latitude, and 202,8 for the departure, 
which being doubled (becauſe divided by 2) gives 271 for the dit- 
ference of latitude, and 405,6 for the departure, the ſame as before. 
Any of theſe methods will do, but the laſt is chiefly practiſed at ſca. 

NoTE.—Al| points above 4, are to be looked for at bottom of 
Table III. and all leſs at top, with minutes to right hand in thoſe 
above 4, and minutes on left hand, in thoſe leſs than 45? or 4 points. 


A CASE I 
Courſe and Difference of Latitude given, to find the Diſtance run, and 
Departure from the Meridian. 
If a ſhip · runs S. E. by F. from 1* 45 north latitude, and then 
by obſervation is iu 25 40 ſouth latitude, What is her dilt. nce and 
departure? 
: Now; 
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59 


Now, in this caſe, as the ſhip has croſſed the Equator, therefore 
the latitude 145 N. added to 25 46'S. is 4 315 which multiplied 


by 60 


blem VII. in Geometry. 

Draw BC=271, and BA making 
an angle with BC=5 points, or 
56 15': upon C erect the per- 
pendicular CA to join BA in A 
and it is done; then will CA= 
40b, and AB 22488. 


ives 271 miles for the difference of latitude. | 
Conſtructed the ſame as Pro- B 


— 
ra 
iy, 
= F 
0 ** 
21 — 
* 
C 


By CALCULATION. 
By making the Diſtance AB Ragius, it will be, 


Courſe 8. E. by E. 5 Pts. = 56* 15'] Complement 3 Points = 349 45 
To find _ Departure. 1 To find the Diſtance. 
As co-fine courſe 5 pts. 9.74474 As co- ſine courſe 5 pts. ; 
Is to the diff. of lat. 271 2.43297| Is to the diff. of lat. 271 3 
So is fine courſe 5 points 9.91985 So is radius 10.00000 
12.35282 | 12.43297 
9.74474 9.74474 
To the departure 405, 6 2. 60808 To the diſtance 487,8 2.68823 


Hence the ſhip's diſtance run is 487, 8 miles, and her departure 
from the meridian is 405, 6 eaſterly. * 


By GUN T E R. 


© Extend from 3 to 5 points on the line marked SR, that extent 
will reach from the difference of latitude 271 to the departure 405,6 
on the line of numbers.” 

2dly. Extend from radius or 8 points to 3 points, that extent 
will reach from the difference of latitude 271 to the diſtance 48$ on 
the line of numbers.” 


By INSPECTION. 


Find the courſe among the points or degrees, and the difference 
of latitude in its column, right againſt which ſtand the diſtance and 
departure in their columns. | ; 

Now, as the difference of latitude 271 is too great to be found in 
the tables, I divide it by 2, and that gives 135,5 which I find over 5 
points in the latitude column; againſt that ftands 244, for the diſ- 
tance, and 202,5 for the departure, which multiplied by 2 gives the 
giſtance 488, and the departure 405, 
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CASE II. | 1 
Ciurſe and Departure from the Meridian given, to find the Diſtance and , 

Difference of Latitude, or 

If a ſhip fails N. E. by E. 3 E, from a port in 35 15 South lati, 

tude, until ſhe depart from her firſt meridian 406 miles, I demand * 
her diſtance, and what latitude ſhe is in ? 


© 
E 

ro 
4 
5 


| 


( 


% 


By CONSTRUCTION. 


* 


Draw the meridian A B, upon 
which erect the perpendicular BC, 
and ſet off thereon from B her de- 
parture 406 eaſterly from B to C, 
with the chord of 60?, on C de- 
ſcribe an arch, and ſet off thereon 
the complement of the courſe, as 
DE, and through D and C draw 1 
the line CDA, cutting the meridian in the point A; then the dif. 
tance AC, meaſured on the ſame ſcale before uſed, gives 449, and 4 
AB 192 the difference of latitude, 1 


By CALCULATION, 
By making the Diſtance AC Radius, it will be, 
The courſe 5 points = 64 41' | The compl. 24 points = 259 r9/ 
To find the Diff. of Lat. To find the Diſtance. 4 
As fine courſe 52 pts. 9.95616] As fine courſe 51 points 9.95616 
Is to the departure 406 2.60853 Is to the departure 406 2.60853 3 


$0 is co-fine courſe 54 pts. 9.63099 | So is radius 10.00000 
12.23952 12.608535 Y 
9.95616 9.95616 
To the diff. of lat. 192 2.28336 To the diſtance 449, 2.65237 "2 
From the latitude left — — 30 15˙ 8. 
Subtract the difference of latitude 192 miles, or 3 12 N. 
The remainder being 3, ſhews the ſhip is in oe 83 8. 


By GUN T E R. 


Extend from 51 points to 2+ on the line marked 8 R, that ex- 
tent will reach from the departure 406 to the differenee of latitude 
192 on the line of numbers.” 

2dly. Extend from radius to 54 points, that extent will reach 
from the departure 406 to the diſtance 449 miles.“ 


* * 
A 


* 
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By INSPECTION. 


Find the courſe either among the points or dggrees, and the de- 
rture in its column; right againſt which ſtands the diſtance and 
difference of latitude in their reſpective columns, 
Thus, with the courſe 53 points, and half the departure, I*find 
224 for the diſtance, and 95,8 for the difference of latitude, which 
being doubled, gives the diſtance 448, and the difference of latitude 


192 nearly, as before. 


CASE IV. 
Diflance and Difference of Latitude given, to find the Curſe and 
Departure. 


Suppoſe a ſhip ſails 488 miles, between the ſouth and the eaſt, 
from a port in 29 52 ſouth latitude, and then by obſervation is in 
7 23 ſouth latitude ; what courſe has ſhe ſteered, and what de- 
parture has ſhe made? | 

From the latitude by obſervation 7? 23' take 29 52' the latitude 
left, the remainder 4* 31 multiply by 60 = 271 miles or minutes 
of difference of latitude. 


Conſtructed as Problem VIII. in Geo- 
metry. 

Draw the meridian AB = 271; upon 
B erect the perpendicular BC; take 488 
in your compaſſes, and with one foot. on 
A, lay the other on the line BC; join A 
and C; then will BC be the departure 
406, and the angle B A C the courſe 


560 10 or 5 points 


nearly. 
To find the Courſe. | To find the Departure. 

As the diſtance 488 2.68842 | As radius 10.00008 
Is to radius 10.00000|[Is to the diftance 488 2.68842 
80 is the diff. lat. 273 2.43297|Sois fine courſe 56® 16” 9.91993 
12.4.3297 12.6083 5 
2.68842 10. 0000 
To co-fine cou. 569 16 9.74455) To the departure 405,8 2.60835 


Hence the courſe is S. E. by 


E. and the departure 405, 8&. 


By GUNT ER. 


The extent, from the diſtance 488 to the difference of latitude 
271, on the line of numbers, will reach from radius or 909 to 335 
44 the co- courſe on the line of fines, 


And 
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© And the extent, from radius to 56? 16' on the line of ſines, will 
reach from the diſtance 488 to the departure 405,8 on the line of 


numbers.“ 


A By INSPECTION. 


Seek in the tables till againſt the diſtance, taken in its column, 


be found the | ger difference of latitude in one of the following 


columns ; an 


I 


adjoining to it ſtands the departure; which, if les 


than the difference of latitude, the courſe is found at the top; but 
if greater, the courſe is found at the bottom. 
Now, with half the diſtance 244, and half the difference of lati- 


tude 135,5, look in the tables till they are found to agree in their 


reſpective columns, which they do nearly over 5 points; againſt 
them ſtands 202,8 for the departure, which being doubled, gives 


405; nearly, as before. 


CASE V. 


Diltance and Departure given, to find the Courſe and Difference of 


Latitude. 


Admit a ſhip fails 488 minutes between the north and weſt from 
the Iſland of Bermudas in lat. 325 25 north, until her dep. is 405 
miles; what courſe has ſhe ſteered, and what lat. is ſhe in? 


Nor. This caſe is conſtructed much 


the ſame as the laſt. 


Dep. 40 5. 


By CALCULATION. 


| To find the Courſe. 
As the diſtance 488 2.68842 
Is to radius 10,00000 
So.is departure 405 2.60746 
12.697 .46 
2.08842 


To the fine of cou. 56? & 9.91904 


| 


To find the diff, of Lat. 


As radius- lo. ooo. 


Is to the diſtance 488 2.68842 

So is co- ſine co. 56 6 9.74644 
| 12.43486. 

10.90000 


————n zÜ wðb́k — 


ro the G8, of lat. 373, 4.4486 


Hence the Courſe is N. 56? & W. or N. W. by W. nearly. 


To the latitude failed from 32 25 add the difference of latitude 


272, qr 4 32 gives 36® 57 


e latitude the ſhip is in. 


. By 
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By GUNTER. 


© Extend from the diſtance 488 to the departure 405 on the line 
of numbers, that extent will reach from radius to the courſe 56* & 
on the line of fines.” 

2dly. Extend from radius to the complement” of the courſe 
33* 5 on the line of fines, that extent will reach from the diſtance 
488 to the diff. of lat. 271 on the line of numbers.“ 


By INSPECTION. 


Seek in the tables till againſt the diſtance, taken in its column, be 
found the given departure in one of the following columns ; and 
adjoining to it ſtands the difference of latitude ; which, if greater 
than the departure, the courſe is found at the top; but if leſs, the 
courſe is found at the bottom, i 

Now, with half the diſtance 244, and half the departure 202, 5, I 
look in the tables, and find them to agree in their columns, nearl 
over 5 points, againſt which is latitude 135,5 which being Joubles 
is 271, the difference of latitude nearly, as before. | 


CASE VI. 
Difference of Latitude and Departure given, to find the Courſe and 
Diſtance. 


A ſhip fails between the north and weſt till her difference of la- 
titude is 271 miles, and her departure is 406 miles; I demand her 
courſe and diſtance? 

Conſtructed as Problem IX. in Geo- 
metry, C 
Draw AB g= 271, and perpendicular 
to it BC=406; join Cand A; then 
will the angle CAB be the courſe = 
= I7, and AC the diſtance = 488 

miles, 


To find the Courſe, To find the Diſtance, 
As the diff. of lat. 271 2.43297 As radius 10.00000 
Is to radius 10.00000 Is to the diff. of lat. 271 2.43297 
$0 is the departure 406 2.60853 So is ſec. of the; courſe 
— 56? 17 10.25564 
12.60853 
2.43297 12.6886x 
— 10. o 
To the tang. of the cou. | 
' $6® 19 10. 17556 To the diſtance 488,2 2.68861 


Hence her courſe is N. 5617 W. or N. W. by W. and the diſ- 
tance failed is 488,2 miles, 
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| By GUNTER. 


© Extend from the difference of latitude 271 to the departure | 


406 on the line of numbers, that extent will reach from radius to 
$6? 17' the courſe on the line of tangents.” 


_ 2dly. © For the diſtance we muſt conſider it as radius (there be. 
ing no line of ſecants on the ſcale) and extend from radius or 90% 


to the courſe 5 points on the line of fines, that extent will reach 
from the departure 406, to the diſtance 488 on the line of num. 
bers. 


By INSPECTION. 


Seek in the tables till half the given difference of latitude 135,5 
and departure 203 are found together in their reſpective columns; 
then right againſt them will be found the diſtance 244, in its co- 
lumn, and the courſe ſtand in degrees either at the top or bottom of 


the column where the difference of latitude and departure was 
found, which in this caſe is under 56* 15), or 5 points the courle | 


required. 


The fix foregoing Problems are the common caſes of Plane Sail. | 


ing, Which the learner ought to be well acquainted with; and for 
that end J here add fix more for practice, whoſe anſwers may be 
found by the foregoing rules: 

Queſtion I. A thip in 29 10/ ſouth latitude, fails N. by E. 89 
leagues; what latitude is ſhe- in, and what is her departure? 

Anſwer. Latitude in 250 12' N. and departure 17.36 leagues. 

Queſlion II. A ſhip fails S. S. W. from a port in 41 30 north 
latitude, and then by obſervation the ſaid ſhip is in 36? 57 north 
latitude; I demand the diſtance run and departure? 

Anſwer. Diſtance run 98, 5 leagues, departure 37 leagues. 
Queſtion III. A ſhip fails S. S. W. half W. from 2“ 30 ſouth 
Iatitude, until her departure be 59 leagues; I demand her diſtance 
run and latitude in ? | 

Anſwer. Diftance run 125,2 leagues, latitude in 80? 1' ſouth. 

ue/tion IV. If a ſhip fails 360 miles ſouth weſtward from 21" 


_—_ 
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59 ſouth latitude, until by obſervation ſhe be in 24 40 ſouth lati- | 


tude, what is her courſe and departure? 

Anſwer. The courſe is 8. W. by W. 1 W. or S. 61 47' W. and 
her departure from the meridian is 317,3 miles. 

Queſtion V. Suppole a ſhip fails 354 miles north eaſtward from 
2? 9 ſouth Jatitude, until her departure be 150 miles; what is her 
courſe and latitude in ? 

Anſwer. Her courſe is N. 25 4 E. or N. N. E 1 E. nearly, 
and ſhe is in latitude 3? 11' north, 


Duftien 
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ueſtion VI. Sailing between the north and the weſt, from o 
ort in 1 59 ſouth latitude, and then arriving at another port in 4 8 
north latitude, which is 209 miles to the weſtward of the firſt port; 
I demand the courſe and diſtance from the firſt port to the ſecond ? 

Anſwer, The courſe is N. 299 40' W. or N. N. W. + W. nearly; 
and the diſtance of the ports is 422, 3 miles, or 140, 7 leagues. 


„ TRAVERSE SAILING. 


1. 11 learned thoſe neceſſary problems concerning a 1 

Courſe, the next is a Compound Courſe, commonly called a 
Traverſe; in order to the right underſtanding of which, obſerve the 
following definitions: 

A Traverſe is when a ſhip, meeting with contrary winds, fails on 
ſeveral courſes, ; 

When the wind is directly or partly againſt a ſhip's direct courſe 
to the place ſhe is bound to, ſhe reaches her port by a kind of 2 
like courſe 3 which is made by failing with the wind, firſt on one 
ſide of the ſhip, and then on the other ſide. 

In a ſhip, when looking towards the ſtem or head; 

Starboard ſignifies the right-hand ſide ; 

Larboard, the left-hand fide ; 

Forwards or Afore, is towards the head or ſtem of the ſhip z 

Aft or Abaft, is towards the hinder part or ſtern ; 

The Beam, ſignifies athwart or acroſs the middle of the ſhip, 

When the ſhip fails the ſame way the wind blows, ſhe is ſaid to 
fail or run before the wind; and the wind is right aft, or right 
aſtern ; and her courſe is then 16 points from the wind. 

When a ſhip fails with the wind blowing directly acroſs her, ſhe 
is faid to have the wind on the beam; and her courſe is 8 points 
from the wind. 1 

When the wind blows obliquely acroſs the ſhip, the wind is ſaid 
to be abaft the beam, or afore the beam, according as her courſe is 
more or leſs than 8 points from the wind. 

When a ſhip endeavours to ſail towards that part of the compaſs 
from whence the wind blows, ſhe is ſaid to ſail on a wind, or to ply 


to windward, 
| I | A veſſel { 
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A veſſel failing as near as ſhe can to the point from whence the 

wind blows, is ſaid to be cloſe hauled. The generality of ſhips will 
lie within about 6 points of the wind, but ſloops and other vellels 
will lie much nearer. 
The Windward, or Weather-fide, is that ſide of the ſhip on which 
the wind blows; and the other fide is called the Leeward or Lec- 
ſide, | 
Tacks and ſheets are large ropes made faſt to the lower corners 
of the fore and main fails, by which either of theſe corners are hauled 
fore and aft. 

When a ſhip fails on the wind, the windward tacks are always 
hauled forwards, and leeward, or lee-ſheets, aft. 

The ſtarboard: tacks are aboard when the ſtarboard fide is to 
windward, and the larboard to leeward ; and the larboard tacks arc 
aboard when the larboard fide is to windward, and the ſtarboard to 
leeward. 

To know how near the wind a ſhip will lie, obſerve the courſe 
ſhe goes on each tack when ſhe is cloſe hauled, then half the num- 
ber of points between the two courſes will ſhew how near the wind 
that ſhip will lie. 

The moſt common caſes, in turning to the windward, may be 
conſtructed by the following precepts : 

Having drawn the meridian, or north and ſouth, and parallel of 
latitude (or eaſt and weſt line) in a circle, repreſenting the horizon 
of the place, mark, in the circumference, the place of the wind; 
draw the rhumb, paſſing through the place bound to, and lay thereon 
the diſtance of that place from the centre, 

On each ſide of the wind lay off in the circumference the points 
or degrees ſhewing how near the wind the ſhip can lie, and draw the 
rhumbs. 

Now, the firſt courſe will be on one of thoſe rhumbs, according to 
the tack the ſhip leads with ; draw a line through the place bound 
to, parallel to the other point, to meet with the firſt, and this wil! 
ſhew the courſe and diſtance on the other tack. | 

To reſolve a Traverſe, is to reduce and bring ſeveral courſes into 
one ; the courſes are known by the compaſs, and the diſtance by 
the log, which in common voyages is hove once in two hours, but 
in ſhips of war, or in Eaſt-Indiamen, every hour. 

In the ſteerage, or ſome convenient place in the ſhip, there is 
generally kept a table, called the log-board, divided into ſeven co- 
lumns ; in the firſt is written the hours of the day, in the ſecond 
the knots the ſhip runs during half a minute; each of theſe 
knots bear the ſame proportion to a ſea mile that half a minute 
does to an hour; conſequently, ſo many. knots as the ſhip runs in 
half a minute, (the time allowed for trying the experiment) ſo 
many miles ſhe runs in an hour. In the third the fathoms, 10 
of which ought to make a knot ; in the fourth the courſes ſteered 
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by the compals in the fiſth the winds; in the ſixth the leeway, 
or how far the ſhip is drove to the leeward of the courſe ſteered by 
the compaſs ; in the ſeventh the tranſactions of the day, as in the 
following table. Every day at noon the contents are tranſcribed 
into the log-book, which is divided into columns, exactly like the 
log-board, and the ſeveral courſes being corrected by allowing for 
the leeway and variations, and the diſtance run upon each being ſet 
down in a traverſe table, ſhews what difference of latitude and de- 
parture the ſhip has made during the laſt 24 hours; and from thence 
is found the latitude and longitude the ſhip is in, ; &c. This opera- 
tion is called doing a day's work. 


+ 


Tus LOG-BO ARD. 


| Lee- 
HKI. Courſes. Winds. [way. Tranſactions. 

21 6 8. W. by 8. N. 

$6 3 0 

. N. W. : 

8] 5 Moderate gales 
i 41-98 N. E. | N. N. W. & fair weather; 
M47 «1 at 8 A. M. ſaw 

9 a ſhip the 

8 northward) 

- + £63 | 

81 5 S, W. by S. W. N. W. 

1 No obſerva- 
121 4 | —_ | 


3 — — — ——— A —_—_—y 


Having placed the ſeveral courſes, and diſtances run upon each, 
begin with the firſt courſe S. W. by S. which is 3 points, and the 
diftance run upon it being ſummed up, is 21,5 or an half, which 
being doubled (becauſe the log is hove every two hours) is 43. 
In like manner proceed with the other courſes, and then hnd the 
difference of latitude and departure for each courſe and diſtance. 


When the courſe is to be ſouthward, the difference of latitude 
muſt be ſet in the column marked 8, but if to the northward, 
| 2 in 


ſhews how far the ſhip has got to the weſtward; and the ſouthings 
being greater than the northings ſhew how far ſhe has got to the 
ſouthward of the place ſhe ſet out from. 


for in the tables, will be found n 
and againſt diſtance 27. Hence the courſe made good upon the 
ſeveral courſes is 8. 15 W. and the diſtance 27 miles, 


1 
2 | L 
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in that marked N.; likewiſe when the courſe is to the eaſtward, the 'Þ 
departure muſt be ſet in the column marked E.; but if to the weſt- ; 1 
ward, in that marked W. Thus the firſt courſe being 8. W. by s. 


* 


3 points, the difference of latitude belonging to it is ſet under 8, 0 
and the departure under W. as in the following table: ſ 
| r 

| [ 


Tus TRAVERSE TABLE. 


Here the weſtings being greater than the eaſtings, the difference 


couRsEs, | DisT.{| N. 8. E. W. 1 

| N 

8. W. by 8. 43 TP 35, 8 2359 | I 
N. E. 45 | 31,8 31,8 [ 4 

S. W. by W.] 27 22, 4 15,0 F 
31,8 | 58,2 38 1 

5 3178 31,8 2: | 1 

D. Lat. 26, 4 | Dep. W.] 7,1 1 


Now the difference of latitude 26,4 and departure 7,1 being looked 
early ſtanding together under 15* 


In heaving the log, one man holds the reel upon which the log- 


line is wound, and another holds the half-minute glaſs; an officer 
of the watch heaves the log over on the lee-quarter, and when he 
obſerves the ſtray- line is run off the reel (to denote which there is 
fixed a red rag) he cries turn! the glaſs-holder anſwers done / who, 
watching the glaſs, the moment it is run out, cries {2 the reel 
being immediately ſtopped, the knots, or knots an 

off, ſhew the ſhip's rate of ſailing per hour, if the wind happens to 
have been conſtant. 


fathoms run 


EXAMPLE 
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EXAMPLE I. 


Suppoſe a ſhip takes her departure from the Lizard in latitude 
49 57' N. it bearing N. N. W. diſtance by eſtimation 5 leagues, 


1 fails 8. E. 34, W. by 8. 16, W. N. W. 395 and 8. by E. 40 miles; 
required the latitude ſhe is in, and her bearing and diſtance from the 
= Lizard? 


By CONSTRUCTION, 


Draw the line LM to repreſent the meridian of the Lizard, and 
L the Lizard point; on L delcribe the compals ; then ſet off the 
oppoſite point to the bearing of the Lizard; ihe S. S. E. line L A, 
which make equal to 15 miles ; parallel to the S. E. line draw the 
line AB equal to 34 miles; again, from B parallel to W. by 8. 
draw BC equal to 16 miles; next through C dray a line parallel to 
W. N. W. which make equal to 39 miles; from D draw DE, 
parallel to the S. by E. line, equa! to 40 miles; chen is E the place 
of the ſhip at the end of her ſeveral courſes, E L the diſtance, LM 
the difference of latitude, E M her departure, and the angle E LM 
the courſe ſhe has made good. 

2 To 


a 
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To find the ſame by CALCULATION. 
For the firſt Courſe, S. S. E. 15 Miles. 


To find the Diff. of Latitude. 


As radius go? 10.00000 
Is to diſtance 15 1. 17609 


So is co- ſine courſe 2 pts. 9.90562 
1114171 
10. ooo 

To diff. lat. 13,9 1.14171 


For Departure. 


As radius 9oꝰ 10. ooo 

Is to diſtance 15 1.17609 

So is fine courſe 2 pts. 9.5828, 
10.7539; 
10,00009 

To departure 5,7 0.75893 


Second Courſe S8. E. 34 Miles. 


For Difference of Latitude. 
As radius go? 10.00000 
Is to co- ſine courſe 455 9.84948 


So is diſtance 34 1.53148 
11. 38096 
10,00000 
To diff, latitude 24 1.38096 


For Departure. 


Third Courſe W. by S. 16 Miles. 


For Difference of Latitude. 
As radius go? 10,00000 
Is to co-fine courſe 789 45 9.29024 


So is diſtance 16 1.20412 
10. 49436 
10.00000 

To diff. latitude 3,1 0.49436 


| 


As radius go? 10.00000 ' 
ls to ſine courſe 45® 9,84948 
So is diſtance 34 1.53148 
11. 38096 
10. ooooo 
To departure 24 1.38096 
| For Departure. 
As radius go 10.00000 
s to ſine courſe 789 45 9.99157 
So is diſtance 16 1.20412 


11.195609 
10.00000 


To departure 15,6 


Fourth Courſe W. N. W. 39 Miles. 


For Difference of Latitude. 
As radius 90? 10,00000 
Is to co-fine courſe 679 30' 9.58284 
So is diſtance 39 1. 59106 

11. 17390 
10.00000 


To diff. latitude 14,9 1.17390 


For Departure. 


As radius 90? 10,00000 
Is to fine courle 679 30 9.96562 
So is diſtance 39 1.59100 
11.5 5668 
10.00000 
To departure 36 1,5 5668 


Firſt 
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Fifth Courſe S. by E. 40 Miles. 


”Y For Difference of Latitude. For Departure, 

| J As radius go? 10.00000} As radius go? ro0,00009 

Is to co-ſine cou. 119 15” 9.99157 Is to fine courſe 1115“ 9.2904 
ca ss is diſtance 40 1.60206 So is diſtance 40 1.60206 
99 eee 3 
84 11.59363 10.89230 
— = 10.09000 10.0000Q 
23 BY nnn 
20 7 $ To diff. lat. 39,2 1,539363| To departure 7,8 o. 89230 
Though this method of finding the difference of latitude and de- 


parture by logarithms is certain, yet the ſame may be more readily 
pound by the tables of difference of latitude and departure; that is, 
do find the difference of latitude and departure for each courſe and 
X diſtance by inſpection, and placing them down as in the following 

3 ME Traverſe I able: | 


G k 5 DIFF. LAT, DEPARTURE, I. 
0 COURSES. | DIST, — — t 
5 2 f N. Ss E. W. 
& | | 
4 8. S. E. 15 50 
2 8. E. 34 2450 240 q 
| W. by S 16 371 157 
4 W.N.W.| 30 | 149 36,0 f 
. E. 4 30% 758 | 
7 8 — cc — — - — — — 
5 From ſum | — |. 14,9 | 80,2 3775 517 
rare — — | 119 3725 | 
2 = %; — —— — 
1 — | — | 65,3 14,2 | 
D * | l 5 


Having placed them as above, add up all the weſtings, eaſtings, 
northings, and ſouthings ſeparately, and ſet down their reſpective 
ſums at the bottom of each column; and as the weſting is greater 
than the eaſting, ſubtract the eaſting thereform, and the — 
14,2 ſhews that the ſhip's departure is fo much weſt of her firſt 
meridian, 

Again, the ſouthing being greater than the northing, ſubtract 
the northing from it, and the remainder thews how far the ſhip is 
to the ſouthward of her firſt place. 1 

0 
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To find the direct courſe or Bear- 
ing of the Lizard from the 
ſhip. 


As the diff. lat. 65,3 1.81491 
Is to radius go? 10.00000 
So is the departure 14,2 1.15229 
11.15220 

1.81491 


To tang. cou. 122 16' 9.33738 


Which, becauſe the difference 
of latitude is ſoutherly, and the 
departure weſterly, is S. 12 16 
W. Whence the Lizard bears 
from the ſhip N. 12® 16 E. or 
N. by E. 11 E. 


| To find the direct Diſtance, 
As fine of cou. 129 16' 9.32725 
Is to the depart. 14,2 I.15229 
So is radius go? 10.0000 
11.1220 
9.32724 
To the diſtance 66,84 1.82501 


be found ſufficiently near under 


diſtance is 67 miles, 


EXAMPLE IL 


Suppoſe a ſhip from the Lizard 49® 57' is bound to Cork in ti 


tude 51? 41' N. whoſe departure from the meridian of the Lizard is 


120 miles weſt, but by reaſon of contrary winds is obliged to fail on 
the following courſes, viz S. S. W. 54 miles, W. by S. 39, N. W. 


by N. 40, 


E. by E. 69, and N. N. W. 60 miles; I demand the 


direct courſe, diſtance, difference of latitude and departure made 
good upon the ſeveral courſes, with the latitude ſhe is in, and what 
courſe ſhe muſt afterwards ſteer, and how far to gain her intended 


port ? 


By 


The courſe and diſtance may 


12 degrees in tables, where the 


EY DORN. 4 
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By PROJECTION. 


1 3 Latitude of Cork — 51 41 
1 T Latitude of Lizard — 49 57 


— = +> 
, a7 
« 


1 Difference of Latitude 104 Departure 120. 


4647 


F 


With the chord of 609 deſcribe a circle, through which draw the 
meridian north and ſouth, and, crofling that at right angles, draw the 
eaſt and weſt points; the centre repreſents the Lizard; then ſet off 
two points from the ſouth weſterly ; through which draw a line to 
= the centre for the firſt courſe S. S. W. upon that ſet off the firſt 
& diſtance run 54 miles, which is the ſhip's place at the end of her 
flrſt courſe, 


: K Draw 


* 
. 
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Draw the W. by S. rhumb; and parallel to it a line, paſſing 
through the ſhip's laſt place; and upon it ſet oft 39 for the ſecond 
diſtance; draw the N. W. by N. rhumb; and parallel to it, as be. 
fore, draw a line, pafling through the ſhip's laſt place; upon it (et 
oft 4”, and that will be the place of the ſhip at the end of her thicd 
courſe ; then draw the N. E. by E. rhumb; and parallel to it a 
line, paſting through the ſhip's laſt place; and upon it ſet off 69 tor 
the fourth diſtance; then draw a N. N. W. rhumb; and parallel to 
it a line, as before, through the ſhip's laſt place; and upon it ſet off 
the laſt diſtance 60, which is the ſhip's place at the end of her ſeveral 
courſes ; from which draw a line parallel to the eaſt and welt line, 
until it cuts the meridian ; for the whole departure, from this to the 
centre, being meaſured on the ſame ſcale, will give her difference of 
latitude made good upon the ſeveral courſes; and a line drawn from 
the ſhip's laſt place to her firſt will give the whole diſtance ; and 
the angle which this line makes with the meridian will be the ſhip's 
courſe made good. 

Now, to find what courſe ſhe muſt ſteer, and how far ſhe muſt 
run, from the centre of the compaſs, or the Lizard point, ſet oft 
the whole ditterence” of latitude of the two ports, viz. 104, to 
F; through F draw an E. and W. line weſterly, and ſet off thereon 
the whole departure 120 from F to E; then will E repreſent the 
ſituation of Cork; join AE, and draw A parallel to the meri- 
dian; then will A E be the diſtance ſhe has run to her intended 
port, the angle EA D is the courſe ſhe muſt ſteer, E D is how far 
ſhe is to the eaſtward of it, and AD is how far to the ſouthward 
of it. 


By CALCULATION. 


With the difference of latitude and departure between the two 
ports, to find their bearings and diſtances. 


To find the Bearing. T.oo find their Diſtances, 
As diff. of lat. 104 2.01703 As radius io. ooo 
Is to radius yo? 10,00000| Is to diff. lat. 104 2.01703 
So is whole dep. 120 2.07918 | So is ſec, courſe 49% 5 10.18378 
12.07918 12. 20081 
2.01703 10.00000 
To tang. courſe 49% 55 10,06215 To diſt. aſunder 158,8 2.2008! 


| Whence the courſe between the Lizard and Cork is N. 49? 5' W. 
or N. W. 1 W. 12 16“ weſterly ; diftance 159 miles. Or with 
the difference of latitude and departure, the courſe will be found by 
inſpection to be 492, and diſtance 159 miles; and the ſeveral courſes 
and diſtances being found, will ſtand as in the following 


* 


TRA. 
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TRAVERSE TABLE. 


e- 
t I covaygns.: ier. L DET. LAT. | DEPARTUBR. 
40 | N. 8. E. W. 
a —— ́——— — ——— | eo op | as 
x S. S. W. „ © 6-0 „ 20. 7 
0 W. by 8 39 . + #* 7.0 a 6 0 36. 23 
ff N. W. by N. 49 | 33-3 8 5 22. 
ul N. E. by E. 69 38. 8 5 57.4 9 
05 | N. N. W. 60 55. 4 . . @S <> 23 
F [ — 
le i W e —_  — — 
f From „„ „% JHSR 3 591 57.4 | 104.1 
N * r 57.5 G20 4 'F 7 $7.4 
d ' 8 | . 0 A 
3 Remains 00 01 ons 4 an 46. 2 
| To find ber airect Courſe an. Diſtance made $097. 
1 To find the Courle. To find the Diſtance. 
1 As diff. of lat. 69,5 1.84198 As radius lo. ooooo 
a I; to radius 9 10,0060 Io diff. lat. 69.5 1.84198 
1 $0 is departure 46,7 1.60932 So is ſec. courle 33* 54 10. 08092 
e — — — 5 
= 11.6093 2 I1.92290 
| | 1.84198 10.00000 
: wer on _ 
| RF To tang. cou. 33“ 4 9.82734 To diſtance 83,73 1. 92290 
. Or, with the 0 difference of lat. 69,5 and the departure 46,7, 
look in the tables of difference of latitude and departure, the neareſt 
numbers correſponding to theſe are 69,6 and 47 under 349 againſt 1 
| diitance 84. 
5 a To find the Bearing and D ſtance to the intended Port. 
2 SHR In Angle AED. 
= Lizard's latitude 49. 57 N. From whoſe diff. lat. ports 104 
Add diff. lat. I ON. Subtract ſhip's northing 69. 5 
| 4 Ship's latitude in $1... ON. | Remains ſhip fouthw. of port 34. 5 
| From whole departure ſubtract ihip's depart. 120—47 =73 ED. 
As diff. of lat. 34,5 1.53782 | As radius go 10.00009 
| Is to radius 90 10.02900 | Is to diff. of lat. 34,5 1.53782 
| So is dep. 73 1.86332 | So is fec, courle 64% 42' 10 36921 
11.86332 11.9970Z3 
1.53782 10.00000 
To tang. cou. 64* 42 10.32550|{ To diſt. 80,73 _ 1.90703 


8 the courſe ſhe muſt ſteer is N. 64 42! W. or N. W. 
by W. + W. diſtance 81 miles. 
2 Or, 
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Or, with the difference of latitude 34,5 and departure 73, look 
into the tables, the neareſt numbers to theſe are 73,4, and 34,2 
ſtanding over 65 againſt diſtance 81. . 

All the preceding may be found by Gunter's Scale, but ſhall 
leave the working of them to exerciſe the Learner, who ought to 
be well acquainted with Traverſe Sailing; and for that purpoſe it 


has been thought proper to ſubjoin the following, which is the moſt F - 
general and uſeful that well can be, and may be worked by any of FX 


the foregoing methods. 


A ſhip being at ſea in latitude 37 10' N. is bound to a port, which 


lies to the weſtward in latitude 33* o' N. the departure between the 
ſhip and the place is 180 miles; conſequently, by Caſe VI. the 
courſe will be S. W. by S. 2 degrees weſterly, and diſtance 308 


miles, but the wind being variable, is obliged to ply upon theſe ſe. FX 
veral courſes, the diſtance run upon each, being obtained by the 
log; and the firſt ſhe ſails (with her larboard tacks on board) S. W. 


by W. a7 miles, W. S, W. half W. 3o miles, W. by S. 25 miles, 

. by N. 18 miles. 9 

(Starboard tacks on board wind ſhifting) S. S. E. 32 miles, S. S. E. 
three-quarters E. 27 miles, S. by E. 25 miles, S. 31 miles, S. S. E. 
39 miles. 

Required the latitude the ſhip is in, and her departure from the 
meridian, upon what courſe ſhe muſt ſteer if poſſible, and how far 
ſhe mutt ſail to gain her intended port? 

The difference of latitude and departure being found by the pre- 
ceding directions, will ſtand as in the following Table: 


Tus TRAVERSE TABLE. 


COURSES. DIST. DIFF. OF LAT, DEPARTURE, 


N. © a; 5 W. 


S. W. b , | 15, 0 22, 4 
„ e bag: 30 8,7 28, 7 
W. by >. 25 4,9 24,5 
W. by N. 18 375 17,7 
S. 9. E. 32 2.0] 14,2 
S S. E. 4 E. 27 9 tho 
8. by E. 25 24,5 4,9 
South, 31 31, 0 
8. 8. E. 39 36,0 14, 9 


Diſt. Lat. 160, 48] Depar 
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The ſhip is in latitude 34 21 N. the departure is 47,4 W. 
The courſe made good is S. 15* 48 W. and diſtance 17549. 
The courſe to the intended port is S. 58? 35 W. or S. W. by W. 


one quarter weſt nearly, diſtance 15544. 


MIDDLE LATITUDE SAILING. 


N Plane Sailing the earth was conſidered as a plane, repreſenting 
I: bowling green, having the meridians parallel to each other, 
and conſequently the degrees of longitude equal in all places ; but 
this cannot be true, as the earth is a globe or ſphere ; for, | 

As the meridians are circles on the terraqueous globe, meeting 
in the poles, (as may be ſeen in the following figure) it is obvious, 
that any two of thoſe circles muſt recede more at greater diſtances 
from the poles; and at equal diſtances from each pole, or at the 
equator, the diſtance between the meridians is greateſt. 

The true place of a ſhip at ſea depends upon its diſtance from the 
equator, and ſome noted meridian ; and ſince the meridional dif- 
tance, that is, the diſtance between any two meridians, varies in 
every latitude, it is therefore convenient this diſtance ſhould be 
reckoned in a fixed latitude z and where the degrees are of the fame 
magnitude with thoſe of the meridian, which can be no where but 
on the equator, where 60 geographical miles make a degree. 

The circumference of all circles are in direct proportion to each 
other, as their radii: and fince the earth turns once round its axis 
in 24 hours, every point upon its ſurface muſt deſcribe circles 
parallel to the equator: hence it follows that the circumference of 
any parallel of latitude in miles, is to the circumference of the equa- 
tor, in miles, as the co- ſine of that latitude is to radius; and, that 
the breadth of a degree, in any parallel of latitude, is to the breadth 
of a degree upon the cquator, as the fine ' complement of that lati- 
tude is to radius. 

By the laſt proportion was the following table calculated, which 
ſhews the breadth of a degree of longitude in every latitude; and 
may be made to anſwer for any degrees or minutes by taking pro- 
portional parts ; 

3 The 
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The follszwing Table ſhews how many Miles anſwer to a Degree of Lan. | 


gitude at every Degree of Latitude. 


: 
es ls MILES b. L.|MILES.|D, L. IMI LES. D. L.|MiLEs, | 
159 - 99] 19 [50 . 7337 [47 +92] 55 344 73 (17 54 
2 59 . 96| 20 [50 . 35| 38 [47 + 38 56 [33+ 55] 74 [10.53 

3 59. 92] 21 56. oi] 39 46. 62] 57 [32 . 68] 75 15.52 
459 . 80 2255 . 63] 49 45 95 58 31. 79] 76 [14.51 
5 59. 77 23 55 23] 41 |45 - 28 59 133 . 90] 77 3. 58 
| 6 |59 . 63] 24.54. 81] 42 44. 59] 60 30. oof 78 112. 48 
7 159 . 56} 25 54. 38| 43 43. 88 bi 29.19 79 1. 45 
8 [59 . 42! 26 53. 93] 44 43. 16 62 28. 17] 80 [10. 42 
I 9 [59 . 26j 27 53. 560 45 [42.43] 63 [27 . 24| 81 | 9. 38 
10 [59 . 08 28 52. 97 46 [41 . 68] 64 26. 30 82 | 8. 35 
4 11 158 . 89] 29 52. 47] 47 lo. 92 65 z5. 36] 83 | 7 32 
12 58. 68| 30 [51 . 96] 48 [40.15] 60 [24.41] 84 6. 28; 
13 58. 49| 31 51. 43] 49 [39 - 36| 67 [23.45] 85 | 5. 23 
14 58. 22 32 50. 88] 50 [38 . 57] 68 [22.45] 866 | 4.18 
I 15 [57 . 95] 33 [59 - 32] 51 [37 - 76| 69 |21. 500 87 | 3.14 
1 36 57 . 67] 34 4) . 74] 52 30. 94| 70 [20 . 52] 88 | 2.09 
117 157 - 37] 35 49 . 15] 53 [36.11] 71 [19. 54 8g | 1.05 
| 18 [57 . 06] 36 48. 54 54 [35.26] 72-|18. 55 
| 
Hence it follows, that 
As radius, or fine go? As co-fine of any paral. of lat. 
Is to the diff. of long. in miles, } Ils to the diſt. run in miles in that 
2 lat. 


So is co- ſine of any paral. of lat. ; 
To the dift. in miles between any \ ” $50 is the radius, or fine of g9® 
Two merid. in that paral. of lat. To the diff. of long. in miles. 


From what has been ſaid, ariſes the ſolution of the following 
Problems: | 


PROBLEM I. 


The Difference of Longitude between two Places both in ane Parallel of 
Latitude being given, to find the Diſtance between them, 


Suppoſe a ſhip in the latitude 49? 3o'N. or S. fails directly E. 
or W. until her difference of longitude be 35 30), and the diſtance 
ſailed be required! 
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P 


By PROJECTION, 


With the fine of 99? in your compaſſes taken from the Plane 
Scale, and with one foot in P, deſcribe the arch EQ, and upon it ſet 
off the difference of longitude 210 miles, and draw the lines PE and 
PQ to repreſent the two meridians; and then E Q repreſent the 
Equator, and P the Pole. Again, with the fine com. of the lati- 
tude 49® 30% viz. 40® 30 in your compaſſes, taken from the line of 
ſines on the Plane Scale, and with one foot in P deſcribed an arch, 
and the diſtance between the points, where it cuts the two meridians, 
being meaſured upon the ſame ſcale of equal parts that the difference 
of longitude was, will be the departure 130, 4 miles. 

Or, thus: 

Draw the meridian AB, and with the chord of 60 in your com- 
paſſes deſcribe an arch, and upon it ſet off the complement of the 
latitude 40 3o' (taken from the line of chords) and ſet it off upon 
the arch as a courſe in Plane Sailing, and draw the line AC as a diſ- 
tance, which make equal to the difference oi Jongitude 210 miles; 
then will the departure CD be the diſtance 136,4 miles, as before: 
this laſt method is preferable to the former, as we are not confined 
to any particular ſcale. 

Reverſe this Problem, and ſuppoſe the diſtance failed in any pa- 
rallel of latitude given, to find the difference of longitude. 

With the fine com. of latitude in your compaſſes deſcribe an arch, 
upon which ſet off the departure 136,4 miles, and through the 
points where it cuts the arch draw the lines PE and PQ; then 
with the fine of 90? in the compaſſes, and one foot in the former 
centre P, deſcribe an arch to cut PE and PQ; then E Q being 
meaſured upon the ſmall ſcale of equal parts that the departure was, 
will be the difference of longitude 210 miles, 


By 
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By CALCULATION. 
To find the Departure, 


As radius _ _ go? 10,00000 

Is to the difterence of longitude 210 2,32222 

So is co- ſine latitude — 499? 30 9,81254 

12,13476 

10,00000 

| To the diſtance or departure 136,4 2413476 
By GUNTER. 

© The extent from radius to fine com. latitude 40 30''on the line 
of ſines, will reach from the difference of longitude 210 to the di- 
tance 136, 4 on the line of numbers.” | 

By INSPECTION. 

Find the fine com. of the latitude among the degrees, and in 
the diſtance column the difference of longitude, oppoſite to which, 
in the column of departure, is the diſtance required; but as the 
co-latitude is 40? 3o/ therefore, 

For 40 degrees you will find _ I35 

For 41 degrees you will find — 1377 
The ſum is — — 272,7 
Half is the diſtance required — 136,3 


This is done becauſe the table of difference of latitude and depar- 
ture is calculated only for ſingle degrees. 

By the reverſe of the laſt problem, having the diſtance run in any 
parallel to find the difference of longitude. 

Suppoſe a ſhip in latitude 49 30 N. or S. fails directly E. or W. 
136, 4 miles, and her difference of longitude be required ? 


As co-fine of latitude — 497 30“ 9, 81254 
Is to the diſtance — 136,4 2,1348 1 
So is radius _ — 10,00000 
12,13481 

9.81254 


—ů— — — 


To the difference of longitude 2 10 2.32227 
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MIDDLE LATITUDE SAILING, 21 


By INSPECTION. 


Look for the complement of the latitude among the degrees as if 
it was a courſe, and the departure in its column; right againſt which 
ſtands the difference of longitude in the diſtance column. In the 
laſt Problem the ſhip is ſuppoſed to have failed due eaſt or weſt, in 
the lame parallel of latitude, but in her courſe ſhe generally crofles 
ſeveral meridians and parallels, and then arrives at a different latitude 
from that ſhe left; and, as it is plain by the foregoing table, that 
the miles which make a degree in one parallel, will not be the ſame 
as thoſe that make a degree in any other parallel, lying on the ſame 
ſide of the equator; therefore add both latitudes togetaer, and take 
half their ſum for a mean or middle latitude ; which may be con- 
ceived as if the ſhip had ſailed in one latitude ; with which the dit. 
ference of longitude may be turned into departure, and departure 

into difference of longitude, in the ſame manner as has been already 
. X ſhewn, for it will be 
As radius q (Is the co-fine of the middle lat. 


. 
7 
1 
. 
{ £ 
4 
Z 1 
; 


CE ——— 


Is to the difference of longitude, (2 J I: to the departure, 

So is the co-fine of the middlelat. ( * 's radius 

To the departure. To tlie difference of longitude. 

f Having the difference of latitude and departure, the courſe and 

' FX diſtance are found by Caſe the Sixth, in Plain Sailing. 

= | CASE I. | 

Required the bearing and diſtance between the Lizard, in latitude 

40 57'N. longitude 5* 14' W. and the iſtand of St. Mary, one of 
the Weſtern iſlands, in latitude 379 N. and longitude 25% 6' W. ? 


Lizard's lat. 49* 57'N. 49* 57 Long. 5 14'W, 
St, Mary's lat. 37 oo NM. . 37 00 Long. 25 6 W. 
12 57 Sum2)86 57 19 52 
f 60 60 
2 — NM, lat. 43 28 
Diff. in miles 777 go od 1192 diff, long. 


By PROJECTION. 


Draw 
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Draw the meridian AE, with the chord of 60 deſcribe the arch 
PS; upon which ſet off 469 32, the complement of middle latitude, 
from Q to S; through S draw the line AC=1192, the difference 
of longitude; let fall the perpendicular CE, which will be the de. 
parture 865; upon AE ſet off AD 777, the difference of latitude; 
and uvon D erect the perpendicular DG, and upon it ſet off the 
departure 865; join G and A, and it is done; for GA will be the 
diſtance 1168 miles, and the angle GAD the courſe S. 48% 4 W. 


Te CALCULATION. 


To find the Departure, To find the Courſe, 
As radius go? 10.00000 | As diff. of lat, 777 2.89042 
Is to diff. of long. 1192 3.07628 Js to radius go? 10.00000 
So is co- ſine mid. lat. 43*28' 9.86080|So is departure 865,r 2.93708 
t2.93708 | 12.937085 
10.00000 2.89042 


—— — ———ů—-— L 


To the departure 865,1 2.93708 [To tang. of con, 484 10.04665 


Nor. The courſe may be found 
anden the departure, by Middle 
Latitude Sailing, thus: 

As radius 10.00000 As the diff. of lat. 777 2.89042 
Is to the diff. of lat. 777 2.89042 Is to the diff. long. 1192 3.07626 
So is ſec. of cou. 484 10. 17505 So is o- fi. mid. lat. 430 28 9.86080 


Jo find the Diftance, 


13.065647 12.9370 
10 COOOO 2. 89042 


To the diſtance 1163 3.06847 To tang. of eon. 48? 4' 10. 04666 
By GUNTER. 


rſt. © The extent from 46 32½ the complement of the middle 
latitude, to radius, on the line of fines, will reach from 1192 to 865 
on the line of numbers. 

2dly. The extent from radius or 90® to 419 56' the complement 
of the courſe on the line of fines, will reach from 777 to 1163 on 
the line of numbers. | 

3dly. * The extent from 777 to 865, 1 on the line of numbers, 
will reach from 450 to 48,4 on the line of tangents.” 

By INSPECTION. 

Look for the complement of middle latitude, as if it was a courſe 
in Plane Sailing, and difference of longitude in the diſtance column; 
oppoſite to which ſtands che departure in its column. Having the 
difference of latitude and departure, the courſe and diſtance are found 
as in Caſe VI. in Plane Sailing. 

Thus, taking ! of the difference of longitude 1192=298, and 


as the complement of the middle latitude is 46 32', or nearly 464, 
I 4ook 
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I look over 46 and 47, and againſt the diſtance ſtands 214,4 and 
218 in the departure columns; which added together, gives 432,4 ; - 
half is 216,2; this multiplied by 4 gives 864,8, the departure. 

Again, taking Z the difference of latitude, and 4 of the departure 
194,2 and 216,2; the neareſt number to theſe ſtanding together are 
216,2 and 194,7 over 48? and againſt the diſtance 291; this mul- 
tiplied by 4 gives 1104 miles: hence the courle is S. 489 W.;; and 
diſtance 1164. 


CASE I. 


Both Latitudes and Departure from the Meridian given, to find the 
Courſe and Diſtance, and Difference of Longitude. 

A ſhip in latitude 4957 N. and longitude 5* 24 W. fails ſouth 

weſterly, till her departure is 789 miles, and the be in Jatitude 

30 20 N.; I demand the courſe, diſtance, and longitude the is in? 


Latitude left 49? 57/N,]Latitude left 49% 57'N. 
Latitude in 39 20 N. Latitude in 39 20 N. 
Diff. of latitude 10 37 [Sum of latitude 89 17 
65 | — 
— — INiddle latitude 44 38 
In miles 637 90 oo 
| Comp, of mid. lat. 45 32 


- 
INS 


E 
By PROJECTION. 
Draw the meridian A D, from A to D ſet off the difference of 
latitude 637 miles, and on D erect the perpendicular DG, which make 
equal to the departure 789 miles. Draw the line AG, and that will 
be the diſtance 1014 miles, and the angle DAG the courſe 515. 
Again, draw EK parallel to AD, making the diſtance from AD 
equal to the departure DG 789, on A deſcribe an arch; take the 
complement of the middle latitude 45 22/ in your compaſſes from 
the line of chords, and ſet that off on the arch on the oppoſite ſide of 
the meridian AD, through where that cuts the arch draw the line AE 
to cut the line K E in E, from E let fall the perpendicular EB, and 
it is done; for AE will be the r of longitude 1109 _ 
2 * 


| 
| 
i 
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By CALCULATION. 


To find the Courſe it will be, To find the Diſtance it will be, 
As the diff, of lat. 637 2 80414 | As the fine courſe 815 9.89101 


Is to radius g0? 10.00000 [Is to the depart. 789 2.89708 
$0 is departure 789 2.89708 So is radius go® 19 ooo 
12.899408 12.89703 

2.80414 9.59101 


— v 


To tang, courſe 519 57 10799294] To the diſtance 1014 3.Cc607 


To find the Difference of Longitude it will be, 
As co-fine middle latitude — 44? 38* 9.85225 


Is to departure _ — 789 2.89708 
So is radiug — — 90 10.00000 
12.89708 

9.85225 

To difference of longitude 1109 3.04483 
Longitude the ſhip ſailed from — $* 24 W. 
Diff. Long, 1109 miles, or — 18 29 W. 
Longitude in — — 23 33 W. 


By GUNTE R. 


1ſt. * The extent from the difference of latitude 637 to the depar- 
ture 789 on the line of numbers, will reach from radius, or 45? 
backward to 519 5 the courſe on the line of tangents.” 

2dly. © The extent from 51? 5 to radius or 90* on the line of ſines, 
will reach from the departure 789, to the diſtance 1014 on the line of 
numbers. | 


3dly. The extent from the complement of middle latitude, 45 22 | 


to radius or 99? on the line of fines, will reach from the departure 
789, to the difference of longitude 1109 on the line of numbers. 


By INSPECTION. 


Rur. With the difference of latitude and departure, find the 

courſe and det as in Caſe VI. in Plane Sailing. ; 
2dly. Taking the complement of middle latitude as a courſe and 

the departure in its column, and the diſtance correſponding to thele, 

will be the difference of longitude. 

Thus, taking a tenth of the difference of latitude 637 and depar- 


ture 789, that is, 0377 and 78,9, the neareſt numbers to theſe are 


63, and 78, 5 ſtanding together over 51“, againſt the diſtance 101, 


which multiplied by 10 gives loro; whence the courſe by inſpec- 
tion is 8. 51* W. and the diſtance 1010, | 


Taking 
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3 Latitude, Courſe and Diſtance given, to find the Difference of 
5 e _ and Difference of Longitude, 
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i o 22 or 45? as a courſe, and a tenth of the departure 
89 in in — the neareſt is 78, 5, in the diſtance column ſtands 
5 


111, which multiplied by 10 gives 1110 for the difference of longi- 
tude nearly, as before. 


CASE H. 


A ſhip in latitude 425 30 N. and longitude 18931 W. fails S. E. 


F by S. 591 miles, or 197 leagues ; I demand the latitude and Jongt- 


* tude the ſhip is in? 


tri OI 56% IT 


With the courſe and diſtance, find the difference of latitude and 
departure, as in Caſe I. in Plane Sailing, viz. Draw the meridian 
AD, and on A deſcribe an arch with the chord of 6c, and upon it 


ſet off the courſe S. E. by S. or 3 points, through where that cuts 


the arch draw the line AC; making it equal to the diſtance 591, 
from C let fall the perpendicular C1); then will CD be the depar- 


ture, and AD the difference of latitude 491 miles. 


Draw the line E F parallel to AD, making the diſtance from it 
equal to the departure, . 

- 1 ake the complement of middle latitude 51 36' from the line of 
chords in your compaſles, and ſet it off on the arch on the other 
lide of the meridian AD, and through where that cuts the arch draw 
the line AB to cut the line EF in E, from B let fall the perpendicu- 
lar ED, and it is done; for AB will be the difference of longitude, 
419 miles. 

Latitude Teft . 429% 30 N.] Middle latitade 38 24 
Difference of latitude 8 11 8. Com. middle latitude 51 36 


Latitude in 34 19 N.] Longitude left 189 31 W. 
Latitude leſt 42 30 Difference of longitude 6 59 E. 
Sum 76 49 I[Longitude in 11 32 W. 


rom 
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From what has been ſaid, it will be eaſy to conſtruct any of t, 
following caſes, as they are conſtructed the fame as in Plane Sailing 
only obſerving, that to find the difference of longitude you muſt tak; 
the complement of middle Jatitude as a courte in Plane Sailing; wit 
this courſe and the departure find the diſtance, and that will be thy 
difference of longitude. 


To find the fame by CALCULATION, 


To find the Difference cf Latitude. To find the Departure. 
As radius 90“ 10.00000] As radius 0 19.0999 
Fs to the diſtance 591 2.37159] Is to the diſtance 591 2.771% 


/ * 1 


do is co- ſine courſe 3 pts. 991985 So is fins courle g pts. 9.74471 


e Te - — —„—Uʒw.́ — — 


1265144 12.5163 
I ©, 0000 I ©.0909% 
y—ä — ——- — S— — 4 


To the diff. of lat 491,4 2.69144 To the departure 328,3 2.516:: 


To find the Difference of Longitude. 


Without the Departure it will be, 1 With the Departure it will be, 

As co-fi. mid. Jat. 38 24 9.89415 As co-ſine mid. lat. 38 24" 9.8941; 
Is to fine courſe 3 pts. 9.74474 Is to the departure 328,3 2:5 1627 
So is diſtance 591 2.77159 So is radius 90 10.00009 
12.51633|. 12.51627 

9.99415 9.99415 

To diff. of long. 419 2.62218 Todiff. of long. 419=6*59' 2.6221: 

| Long. left 18 21 W. 


Whence the ſhip is in lat. 34* 19 N. and long. 11 32 W. 


By GUNTER. 


1it, © The extent from radius or 8 points to the complement c 
the courſe, 5 points on the line marked S. R. will reach from the 
diſtance 591 to 49 the difference of latitude on the line of numbers. 

2dly. © The extent from radius or 8 points to the courſe, 3 points 
on the line S. R. will reach from the diſtance 591 to the departure 
328 on the line of numbers.” 

3dly. © The extent from the ſine complement middle latitude 
$I” 36' to radius or 90 on the line of fines, will reach from the 


departure 328 to the difference of - longitude 419 on the line of 
numbers,” 


- 4 By 
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" By INSPECTION. 
_ N Rur. With the courſe and diſtance find the difference of la- 
-: , ticude and departure, as in Caſe I. in Plane Sailing. 


2 qdly. Take the complement of middle latitude as a courſe and the 
departure in its column, and againſt it in the diſtance column ftands 
the difference of longitude, 

Thus, under the courle 3 points, and againſt a tenth of the diſ- 
I tance 591=55, ſtand 49,1 and 32,8 ; theſe multiplied by 10 give 
491 for the difference of latitude, and 328 for the departure. 
Now, taking the complement middle latitude 51 36 or 51 as 
© a courſe, and a tenth of the departure 328= 32,8 in its column, (the 
neareſt is 32,6), again which ſtands 42 in the diftance column; 
„ KG this multiplied by 10 gives 420, the difference of longitude nearly, 


as before. 
If the foregoing directions be well underſtood, the learner will 
not find it difficult to work the following cates in Middle Latitude 
= ailing. 


7 CASE IV. 


i | 


'; Curſe and Difference of Latitude given, to find the Departure, Diftance, 
' and Difference of Longitude, 

p 

7 


Suppoſe a ſhip failing from the Lizard, makes when the variation, 


— 
— 2 N * „ 
c 83 4 J 
M3 5 a. n 
„ 0 
3 3 1 4 a 
by - 2222 


2 lce-way, &c. are allowed for, her courſe S. 39“ W. or 8. W. by S. 

half wefterly, and then by obſervation is in latitude 45 31 N. ; 
what is her diſtance run, and longitude in? 
| 1 Latitude of the Lizard 495% N. — 49% 57 N. 

= Latitude by obſervation 45 31 N. 45 31 N. 

* | — * — . 3 0 

3 Difference of latitude 4 26 Sum of latitudes 95 28 

; nt Middle lat. 47 44 


« By + I; — — * —— 
Ia miles- 266 Co- middle latitude 42 16 
By 
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By CALCULATION. 


To find the Departure it will be, 
As co-ſine courſe 39? 9.89250 
Is to the diff. of lat. 266 2.42488 
So is the ſine courſe 29% 9g.79887 


1.222375 


9.890 50 


ꝗ6—ft www 2 


To the departure 215,4 2.33325 


To find the Diff. of Longitude. 
As co- ſi. ofmid. lat. 47% 44 9.52775 


1 


) 


„ 
: 


To find the Diſtance it will he 
As the co- ſi courſe 399 
Is to diff. of lat. 266 
So is radius go 10 ooo 
12.424889 

9.89059 


— * os 


2.53433 i: 


To the diſtance 342,3 


To find the Longitude in. 
Lizard's longitude 14 W. 


Is fo the departure 215,4 2.33325 Diff. of lon. 320 miles or 5 20 W. 
So is radius 90 10.c0000 — 
— — | Longitude in 10 34 W. 
12.333255 | 
9.32775} 
To the diff. of long. 320,3 2.50550 
CASE V. 
Both Latitude: and Diftance given, * the Courſe and Difference if 
| Longitude. 


. 


Suppoſe a ſhip runs 30d miles N. weſterly, from a port in 37 N. 
latitude, and longitude 109 25' W. until ſhe be in latitude 41* N.; 
what is her — and longitude in? 


Latitude left — 37*00'N. — 37 ON. 
Latitude in — 4 00 N. — 41 00 N. 
Diff. of lat. — 4 00 Sum of latitude 78 00 
60 Middle Ade 39 00 
— . on 32 00 


By 


9.89% Wl 
2.42488 


ꝓꝓ—— Co _ 6 


n 2 4 7 
w_ : » q 
0 N * 2 4+ By; PA * 0 
1 8 4 Fer cn '- Mr 
- ( L 4 Y . 
WS ALS r -_ * 


0 4 1 * 0 0 - 
—— \ * I . = am - a La * 
* 85 1 wa * 1 84 4 f y 
” r 3 F e Mg > "4 a 
i * 22 N & 2 5 48 yg 2 > 1 << 8 . 1 Ly $65 A ? 0 . 


Lo the diff. of lat. 396,4 2.59813 | 
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By CALCULATION. 


©XZ To find the Courſe it will be, Tofindthe Diff. of Long. it will be, 
Is the diſtance 300 2.47712 [As co-fine mid. lat. 39% 9.890 50 
1s to radius 90 10.00000 |Is to tang. courle 36. 52 9.87501 
So is diff. of lat. 240 2.38021 |S0 is diff. of lat. 240 2 38021 
12.38021 12.25523 
; 2.47712 9.89050 
| To the co-ſine cou. 36*52' 9.90309 | To diff. of long. 231.6 2 30472 

| Longitude left — 10? 25/ W. 

Difference of Longitude 1 

— 
Longitude in — 14 17 W. 
4 
CASE: FE 


L One Latitude, Courſe, and Departure given, to find the Diſtance, Dif- 


ferene of Latitude, and Difference of Longitude. 
A ſhip ſails E. S. E. from a certain port in latitude 50® 10'S. 


; and longitude 10 16' Eaſt, until her departure from the meridian be 
# 957 miles; I demand her diſtance failed, and the latitude and longi- 
Z tude ſhe is in? 7 


& 
8 


* 


957 


To find the Diff, of Lat. it will be, | 
As fine courſe 6 pts. 9.96562 

Is to the departure 957 2.98091 | Latitude left go“ 100 S. 
So is cÞ-fine courſe 6 pts. 9.58284 Diff. of lat. 396, or 6 368. 


12.6637% Latitude in 56 46 8. 
9.96562 


— — 


To 


90 
To find the Diſtance it will be, | 


As fine courſe 6 pts. 9.96562 | Latitude left 50˙ 10˙8. 
Is to the departure 957 2.98091 | Latitude in 56 468. 
So is radius 10 ooo 8 
— — sum is 2) 106 56 
12. 98091 — 
9.96562 | Mid. lat. 53 28 
To the diſtance 1036 3.01529 | Co-mid. lat. 36 5 
To find the Diff. of Long. it will be, Long. left is 10 16k. . 
As co-fi. mid. lat. 539 28/ 9.77473 Diff, of long. 1608, or 26 48 E. 
Is to the Departure 957 2.98091 i f 3 
So is radius 10,00000 | Longitude in 37 41 
12.98091 
9.77472 
To the me. diff. of long. 
1608 3,20618 
CAS E VII. 


MIDDLE LATITUDE SAILING, 


One Latitude, Diſtance ſailed, and Departure from the Meridian given, t. 
find the Courſe, Difference of Latitude, and Difference of Longitud-, 


A ſhip in latitude 49* 30 N. and longitude 14® 40 W. fails fouth 
eaſtward 645 miles, until her departure from the meridian be 500 
miles: I demand the courſe ſteered, and the latitude and longitude 


the ſhip is in? 


Departure 
To find the Courſe it will be, 

As the diſtance 645 2.80956 
Is to the radius 10,00000 
So is the departure 500 2.69897 
12.69897 

2.60956 

To fine courſe 50® 50 | 9.88941 


| To find the Diff. of Lat. it will be, 


As radius 10.000009 
Is to the diſtance 945 2. 60956 
So is co- ſine cou, 50? 5o' g.80043 
12.609909 
10.00000 
To the diff. of lat. 40% 2.60999 
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Lat. left is 49 39 N. [Latitude left 49 30 
Diff. lat. 407, or 6 47 S. Latitude in 3 43 
Latitude in 42 43 N.] Sum is 92 13 
Middle latitude 46 6 
Co-middle latitude 43 54 


To find the Diff. of long. it will be, 
As co- ſine mid. lat. 46* 6' 9.84098 | Longitude left is 14* 40'W, 
Is to the departure 350 2.69897 | Diff. of long. 721, or 12 1 E. 
80 is radius 10.00000 


—— — | Lopgitude in 2 39 W 
12.69897 
9.84098 6 


— . — 


To the diff. long. 721.1 2.85799 


MERCATOR's SAILING. 


LANE SAILING, as has been before obſerved, ſuppoſes the 

earth and ſea to be in the form of a bowling green, on which 

the meridians are parallel, and the degrees of latitude and longitude 

equal in all places; but the earth and fea compoſe a round body, or 

globe, on which the degrees of latitude are equal in all places, and 

the degrees of longitude decreaſe from the equator in proportion to 
the ſine complements of the latitudes, 

Though the meridians all meet at the poles, and the parallels 
to the equator continually decreaſe, and that in proportion to the 
co-lines of their latitudes; yet in old ſea- charts the meridians were 
drawn parallel to each other, and, conſequently, the parallels of la- 
titude made equal to the equator, and fo a degree of longitude on any 
parallel, as large as a degree on the equator : alſo, in theſe charts, 
the degrees of latitude were til] repreſented (as they are in them- 
ſelves) equal to each other, and to thoſe of the equator ; by theſe 
means the degrees of longitude being increaſed beyond their juſt 
proportion, and the more ſo the nearer they approached the poles, the 
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degrees of latitude at the ſame time remaining the ſame ; it is evident 
places muſt be very erroneouſly marked down upon thoſe charts, 


with reſpect to their latitude and longitude, and, conſequently, thei; 
bearings from one another mult be very falſe. 

To remedy this inconvenience, ſo as ſtill to keep the meridians 
parallel, it is plain we muſt protract or lengthen the degrees of la. 
titude in the ſame proportion as thoſe of longitude are, that fo the 
proportion in eaſting or weſting may be the ſame with that of north. 
ing or ſouthing ; and, conſequently, the bearing of places from each 
other to be the ſame upon the chart as upon the globe itſelf. 

The difficulty in conſtructing a true ſea-chart conſiſts in finding 
a proper manner of applying the ſurface of a globe to a plane; 
which, Mr. W&1GHT, an Engliſhman, by an ingenious conception, 
happily accompliſhed. 

He conceived the ſurface of this globe to ſwell like a bladder while 
it is blowing up from the equator towards the poles, proportionally 
in latitude as it does in longitude, until every part of its ſurface mect 
that of a concave cylinder impreſſed on it, whoſe diameter was equa! 
to the globe's diameter. The Equator being thus confined, the parts 
towards the poles muſt be extended, both in latitude and longitude, 
to fill up the cylinder, or figure, in the form of a rolling ſtone, and 
impreſs on its concave ſurface the lines drawn on the ſurface of the 
globe. This cylinder being cur on one of the meridians, from north 
to ſouth, and laid open, would repreſent a true ſea-chart, the parts of 
which bear the ſame proportion to one another as the correſponding 
parts of the globe. do, and on which all the lines will be right lines; 
having every parallel of latitude on the globe increaſed till it is 
equal to the equator ; and fo the diſtance of the meridians in theſe 
parallels will become equal to their diſtance at the equators ; conle- 
quently, the meridians on the chart are expreſſed by parallel right 
lines. 

Alſo the meridians being lengthened as the parallels are increafed, 
every degree of latitude is lengthened in the tame proportion as the 
degrees of longitude are increaſed ; therefore, the diſtance of the pa- 
rallels of latitude grow wider and wider as they approach the poles. 

Mr. GERRARD MERRCATOR, a Fleming, in 1556, publithea a 
ſimilar chart; but in what manner it was conſtructed he did not 
ſhow ; neither were thote degrees in their true proportion; whence 
called Mercator's Charts. 

Mr. WRricHrT, in 1599, publiſhed the Principles of the True 
Sea-Chart, and how to conſtruct it on the following principles; viz. 

That the diſtance between any two meridians at the equator is in 
proportion to their diſtance in any parallel of latitude, as the radius 
is to the co. ſine of that latitude : 

That any part of a parallel of latitude is to a like part ot the me- 
ridian, as the radius is to the ſecant of that parallel, 


And, 


* n * F 4 "0 * » 
rs; 2 5 „ 
* 0 "" P 1 
h Eo 5 — * . bo A % 
. x da 


5 


2 n 1 * KW [ © * 
9 ern 9 yes 3 c 91 of 
4 _ - £ . 9 10 U 8 
OS I RET 1 „ wo.” 
a 3. i, MF > „ „ a 6 7. >< WF "x g cc. Ee. ai 
i 4 


MERCATOR'S SAILING. 93 


And, that the diſtance of any parallel of latitude from the equator 
is equal to the ſum of the ſecants of all the arches between the equa- 
tor and that parallel. 

From theſe principles, Mr. Wright ſet about forming a table, 
by the continual additions of ſecants, of all the parallels of latitude, 
beginning with one minute, Which he made radius, and thereto 
adding the ſecond parallel of 2 minutes, and to the ſum of theſe 
two, the ſecant of 3 minutes, &c. The table thus formed, is 


that which is commonly called the Table of Meridional Parts, (ſee 


Table I.) by means of which a true nautical chart may be con- 
ſtructed, called Mercator's Chart, and all the Caſes in WRTOHT's, 
commonly called Mercator's Sailing, conſtructed and calculated. 
As this table contains the meridional parts for every degree and 
minute of the quaCcrant, from the equator to the poles, it will be 
eaſy to find the meridional parts correſponding to any parallel of 
latitude, as for example : 
Required the meridional parts correſponding to the latitude 
0 '? 
* in the top of the table for 330, marked 32d, and in the right 
or left-hand columns, marked (M), under the degrees 33, and op- 
polite the minutes 45 ſtands 2153, the meridional parts belonging to 
*45. 
5 When the given latitudes are both north or both ſouth, the meri- 
dional difference of latitude is found by ſubtracting the meridional 


parts of the leſſer latitude from thoſe of the greater, 


Required the meridional difference of latitude between the Lizard, 
in latitude 4957 N. and the Iſland of St. Mary's, in latitude 
379N.? 

The Lizard's latitude 4957 N. meridional parts 3470 
St. Mary's latitude 37 oo N. meridional parts 2393 


—_— — — 


| Meridional difference of latirude 1077 

When the latitudes are one north, and the other ſouth, the meri- 
dional difference of latitude is found, by adding the meridional parts 
correſponding to both the latitudes together. 

Required the meridional difference of latitude between Cape 
Verd, in latitude 14? 46'N. and the Cape of Good Hope, in latitude 
34® 29'S, ? 

Cape Verd's latitude 1446 N. meridional parts 896 
Cape of Good Hope's 34 29 S. meridional parts 2207 


Meridional difference of latitude 3103 


The ſeveral cafes in Mercator's Sailing are worked by geometry, 
trigonometry, Gunter's Scale, and the tables of difference of la- 
titude and departure, exactly in the ſame manner as thoſe in Plane 


Sailing, 
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Sailing, by only conſidering the meridional difference of latitude, 
as if it was the proper difference of latitude, and the difference ot 
longitude as the departure: for it is no more than enlarging the 
proper difference of latitude, ſo as to be equal to the meridional 
difference of latitude; then will the difference of longitude beat 
the ſame proportion to the departure, that the meridional difference 
of latitude does to the proper difference; for, in the following figure, 
(which is the firſt caſe in Mercator's 9 

Let MT repreſent the meridional and MI the proper difference 
of latitude, 'T H the difference of longitude, I O the departure, 
MO the diſtance, and the angle "T MH, or IMO, the courſe; 
then will MI be in proportion to IO, as MT is to TH ; and the 
contrary. 

Wherefore, as the proper difference of latitude is to the depar-. 
ture, ſo is the meridional difference of latitude to the difference of 
longitude ; and, 

As the meridional difference of latitude is to the difference of 
longitude, fo is the proper difference of latitude to the departure. 

Since by lengthening or ſhortening the ſides of a triangle does 
not alter the angles, the departure may be reduced into difference 
of longitude, and difference of longitude into departure. 

In all the Caſes (fave the firſt) in Mercator's Sailing, the courſe, 
diſtance, difference of latitude and departure, are found in the 
ſame manner as thoſe in Plane Sailing; and then the difference of 
longitude may be found by either of the following proportions, viz. 


(ſee the oppoſite figure.) | 


By making the enlarged Diſtance By making meridional Difference 
MH radius, it will be, of Latitude M radius, it will be, 
As the co-ſine of the courſe "As radius 
Is to the merid. diff, of latitude £ } 1s to the merid. diff. of latitude 
So is the fine of the courte [ © I is the tangent of the courie 
To the difference of longitude; To the ditterence of longitude, 
But in the Firſt Caſe, it will be, 


As the merid. diff, of lat. MT As radins 
Is to radius a Ils to the proper diff. of lat. MI 


So is the diff. of longitude TH [ - + is the ſecant of the courſe 
To the tangent of the courſe; To the diſtance MO. 


Or, when the courſe is found, you may ſay, As the co-ſine of 
the courſe is to the proper difference of latitude, ſo is radius to the 


diſtance, 


- CAST 
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+ CASE L 
ic WR The Latitudes and Longitudes of two Places given, to find the direct 
al = Courſe and Diſtance between them. 
ar Required the bearing and diſtance between the Lizard, in lati- 
© WR tude 49 57; longitude 5 14' W. and the Iſland of St. Mary's, one 
e, FX of the Weſtern Iflands, in latitude 37* N. and long. 259 6 W.? 


F Lizard's lat. 49* 57 N. meridional parts 3470 long. 5* 14/W, 


1 St. Mary's 37 ON. meridional parts 2393 long 25 6 W. 
: Dif. of lat. 12 57 =777 Diff. 1077 Diff. 19 5281192. 
| | By PROJECTION. 
« | 1 . Lizard 
f N 
. © 
; 1 TX 
' = 8 
ö © 
| 4 1 


F o __Dep* 
N S Marys 


5 


N H 8 
+ X Longitude 1192. 

Draw the meridian of MT =1077, the Meridional difference of 
latitude, and MI=777, the proper difference of latitude ; per- 
pendicular to M, draw TH and IO, make TH 1192 miles, 
the difference of longitude, join H and M then will the angle 
3 be the courſe S. 47 54 W. and O M the diſtance 1159 
miles. 


1 
— 


By CALCULATION. 


To find the Courſe, it will be, 
As mer. diff. of lat. 1077 3.03222 


Is to radius g0® 10.00000 
S0 is diff. of long. 1192 3.05628 
13.07628 

3.03222 


To tang. of cou. 4% 54 10,04406 


To find the Diſtance, it will be, 


As radius go 10.00000 
Is to proper diff. lat. 777 2.89042 


So is ſec. of courſe 47 54 10.17365 
| 13.06407 

10.00000 

To the diſtance 1159 3.06407 
By 


3 
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Br GUNTER. 


iſt. Extend from the meridional difference of latitude 1077, to 
difterence of longitude 1192, that extent will reach from radius, 
or 45®, to the courſe 475 54 on the line of tangents. 

2d. * Extend from radius, or 90?, to the complement of the 
courſe 42 b' on the line of fines, that extent will reach from 773 
to 1159 on the line of numbers.” 


By INSPECTION. 


1ſt. Look for the meridional difference of latitude and difference 
of longitude, until they are found ſtanding together in their re. 
ſpective columns (as if they were latitude and departure); and the 
courſe will be found among the degrees or points. 

In the latitude column belonging to this courſe, find the proper 
difference of latitude, oppoſite to which ſtands the diſtance in its 
column. 

zd. Now g of the meridional difference of latitude and the .,, 
difference of longitude are 107,7 and 119,2 the neareſt numbers 
in the tables are 107,7 and 119,6 ſtanding together over 48. 

In the latitude column I look for , the proper difference of la- 
titude, which is 77,7, the neareſt is 77,6 againſt this ſtands 116 in 
the diſtance column, which multiplied by 10 gives 1160 nearly, the 
ſame as that found by calculation. 

CASE It 
Both Latitude and the ah pe > the Meridian given, to find the 
Courſe, Diſtance, and Difference of Longitude. 
A ſhip in lat. 49? 57' N. and long 5* 14 W. fails S. weſtward, 
until her depart. from the meridian be 789 miles, and then by obſer. 
vation is in the lat. 39* 20' N. required her courſe ſteered, diſtance 
run, and longitude in? a 
Lat. left 4957“ Merid. parts 3470 
Lat. in 39 20 Merid. parts 2571 


Diff. of lat. 10 37 = 637 miles Dif. 899 


* 


Dep'799 
C TEC 


X Long. 
By PROJECTION. 

Wich the proper difference of lat. and departure, project the 
fame as in Caſe VI. in Plane Sailing; extend the meridian AE to 
B, and make A B equal to the meridional diff. of lat. and draw 2 
line parallel to the departure D E ; produce the diſtance AD to cut 
this parallel; and CB will be the difference of longitude. Hence 
the angle BAC will be the courſe. S. 50* 5 W. DA the diſtance 
1014, and B C the difference of longitude 1114 miles, 


t Dif. lat. 637. > 


To 


2 
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To find the fame by CALCULATION, 


2 As the p. diff. of lat. 637 2. 804 14 As radius go* lo. oooco 
Is to radius go? 10,00c00| Is to the ditf. of lat. 637 2.89414 
So is the departure 789 2.89708 So is ſec, courſe 519 5* 10.20191 
12 89708 13.0c605 

2.80414 10.00000 


To tang. courſe 51* 5' = 10.09294 | To the diſtance 1014 3.00605 


As radius go? 10.00000 | Longitude left 85 14 W. 
1s to mer. diff. lat. 899 2.95376 Diff. of long. 1114 = 18 34 W. 
So is tang. courſe 51,5 10.09292 — 
=_ Longitude in 23 48W. 
13.0.4668 — — 


10.00000] Her courſe is S. 51 5' W. and 
diſtance 1014 miles. 


' To diff. of long. 1114 3.04668] Nor. The diff. of long. may be 


found by ſaying, As prop. diff. of 
lat.: dep. : : merid, diff. of lat.: diff. 
of long. 


By GUNTER, | 
iſt, * The extent from diff. lat. 637, to dep. 789, on the line of 


numbers, will reach from radius, or 455, to 51 5, the courſe an 


| the line of tangents.” 


2dly. * The extent from radius to com. courſe 389 55', on the line 


x of fines, will reach from diff. lat. 637, to 1014, the diſtance of the 


line of numbers.“ 


3dly. * The extent from co-courſe 3855 to fine courſe 519 5/ on 
the line of fines, will reach from merid. diff. lat. 899, to 1114 the 
difference of longitude on the line of numbers.” 


By INSPECTION, 


The diff. of lat. and dep. being found together in their reſpective 
columns will give the courſe among the degrees or points, and the 
diſt, in its column: in the lat. column belonging to the courſe, look 
for the meridional diff. of lat. and againſt it will ſtand the difference 
of long. in the departure column. 

Now z of diff. of latitude and of dep. are 106,1 and 131,5 the 
neareſt numbers to theſe are 106,4 and 131,3, ſtanding together over 
51* the courſe, and againſt diſt. 169; this multiplied by 6, gives 
1014 the diſtance, 

Again, over 51 look for g of merid diff. of lat. 89,9 in the lat. 
column, the neareſt is 90®, and againſt which ſtand 111, i in the dep. 
column; this multiplied by 10 gives 1111 for the diff. of longitude, 


N CASE 


| 
| 
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CASE III. 


ongitude. 


A ſhip from the Lizard makes her courſe S. 39% W. and then b 


obſervation is in latitude 45 31 N.; required her diſtance run, an 
longitude in ? | 

Lat. of the Lizard 4957 N. Mer. parts 3470 A 
Lat. by obſer. 45 41 N. Mer. parts 3074 


Diff. 4 26 266 m. diff. 396M. 


= ><Lat. 266 


CX Long. B. 


By) CONSTRUCTION. 


Draw a meridian AB, the upper end A will repreſent the ſhip's 
place in her firſt latitude. | 

Take the proper difference of latitude 266 in your 0 MON 
and with one foot in A, the ſhip's place, lay the other upon the me- 
ridian ; from A to E, take the merid. diff. of latitude 396 in your 
compaſles, and with one foot in A, the ſhip's place, as before, lay 
the other upon the meridian at B; and upon theſe two points raiſe 
the perpendiculars D E and CB; a line drawn from the ſhip's place, 
making an angle with the meridian equal to 39* the ſhip's courſe, 
will cut the two perpendiculars at D and C; the firſt will be the 
departure, which terminates the distance AD 342, and the other 
will be the difference of longitude CB = 321 miles. 

From what has been ſaid, it is plain, that any caſe in Mercator's 
Sailing may be projected as a right-angle triangle, by only conſider- 
ing the difference of longitude, or departure, as the baſe ; the meri- 
dional, or proper difference of latitude, as the perpendicular, the 
hypothenuſe cut by the departure, as diſtance; and the angle which 
that makes with the perpendicular, the courſe; for in all caſes in 
Mercator's Sailing, the meridional difference of latitude bears the 
fame proportion to the difference of longitude, that the proper dif- 
ference of latitude dogs to the departure. 

Theſe inſtructions being well underſtood, will be ſufficient to 
inform the learner how to conſtruct any of the following caſes : 


By 


Both Latitudes and Couiſe given, to find the Diſtance and Difference / 
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By CALCULATION. 


To find the Diſtance, | 
9.89050 


To find the Diff. of Longitude, 
As the co-fine courſe 39% . 890 50 
Is to mer. diff, of lat. 396 2.59770 
So is fine courſe 39 9.79887 

12.39657 
9.89050 


As co-fine courſe 39? 
Is to the diff. of lat. 266 2.42488 
So is radius Io. ooo 
1242488 
9.89050 
To the diſtance 342,3 2.53438 


Lizard's Longitude left 


To the diff. of long. 320,7 2.50607 
5? 14 W. 


Difference of long. 321; or 5 21 W. 


Longitude in 


10 35 W. 


B GUNT ER. 


iſt, * The extent from co- ſine courſe 51, to radius on the line 
of ſines, will reach from the proper difference of latitude 266, to 
the diſtance 342, 3 on the line of numbers.” 

2dly. * The extent from co-fine courſe 51® to fine courſe 39? 
on the line of fines, will reach from the meridian difference of lati- 
__ 396, to the difference of longitude 321, on the line of num- 

rs.” 


By INSPECTION. 


„ 
Under the courſe 397, and againſt half the diff. of lat. 133, ſtands 
171 in the diſtance column, which being doubled is 342, the diſtance; 
under the ſame degrees, and in the latitude column, look for half 
the meridian difference of latitude 1&8, againſt that, in the depar- 
ture column, ſtands 160,5, doubled is 321, the difference of longi- 
tude nearly, as before. 


CATE” TW: 


One Latitude, Courſe, and Diſtance given, to find the difference of La- 
titude, and Difference of Longitude. | 


A ſhip in latitude 425 30 N. and longitude 18® gr' W. fails 8. 
W. * S8. 591 miles; I demand the latitude and longitude the ſhip 
in 


N 2 Ta 
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To find the Difference of Latitude it will be, 
As radius 10.c0000 | Lat. leit 42% 30' 


2322 

Is to the diſtance $91 2.77159 Diff. lat.agt 8 11 | 2104 
So 15 co- ſine courſe 3 pts. 9.91985 — —— — 
— — Lat. in 34 19 M. diff. lat. 628 

12.69144 

10. ooo 

To the diff. of lat. 491,4 2.69144 
To find the Diff. of Long. it will be, 


M. parts 


| * 
As co-fi, courſe 3 pts 9.91985| Lon. left 189 31'W. — 
Is to m. diff of lat. 628 2.79796 Di.lo.420=7 ooW, bs 
So is S. courſe 3 pts. 9.74474 — — * 
— — Long. in 25 31 W. 5 
12. 54270 > 

: 9.91985 

To diff. of long. 419,6 2.62283 

— — — 


| X Long. 
BY GUNTER. 
1ſt. © The extent from radius to 5 points, the com. of the courſe 
on the line marked SR, will reach from the diſtance 591, to the dif. 
ference of latitude 491,4 on the line of numbers.” 
2dly. © The extent from co-courſe 5 points, to the courſe 3 points 
on the line marked SR, will reach from the meridian difference of la- 
titude 628 to the difference of longitude 419,6,0n the line of numbers. 


By INSPECTION. 


Under the courſe 3 points, and oppoſite a tenth of the diſtance 50% 
in the latitude column, ſtands 49,1, which multiplied by 10 is 491 
the difference of latitude ; then find ; of the meridian difference of 
latitude 157, in the latitude column, againſt which ſtands 105 in the 
departure column, which multiplied by 4, gives 420, the difference 
of longitude, 


„eg E . 
Both Latitudes and Diſtance given, to find the Curſe and Difference if 
. Longitude. 


| X Long. 
If a ſhip runs 300 miles N. Weſterly from a 
port in latitude 37* N. and longitude 10 25 W. 
until ſhe be in latitude 41? N.; required the 
courſe ſteered and longitude in ? 
Latitude left 37 N. Merid. parts 2393 
Latitude in 41 N. Merid. parts 2702 


DiE. 4=240 M. dif, = 3ogM. 
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By CALCULATION. 


To find the Courſe. To find the Diff. of Long. 
As the diſtance 300 2.47712 | As the co-fi, courſe 36? 52 9.903 ry 
Is to radius 10.00000 Is to mer. diff of lat. 309 2.48995 
So is pro, diff, of lat. 240 2.38021 So is fine courſe 36® 52' 9.77812 
12.3021 12.,26808 
2.47712 99031 


To the co- ſine cou. 3695½ 9.99309 | To the diff. of long. 23 1.7 2.36497 


Longitude left 10? AÄ25 W. 
Diff. of long. 232, or 3 S2 W. 
Longitude in „ . 


By GUNT EN. 


iſt, * The extent from the diſtance 3oo, to the proper difference 
of latitude 240, on the line of numbers, will reach from radius or 
go?, to 535 8', the complement of the courſe, on the line of fines.” 

zdly, The extent from co-courſe 53? 8, to courſe 36 52', on 
the line of ſines, will reach from the meridian difference of latitude 
309, to the difference of longitude 231,7, on the line of numbers.” 


By INSPECTION. 


With the diſtance and difference of latitude find the courſe; then 
in the latitude column belonging to this courſe, find the meridian 
difference of latitude ; againſt which, in the departure column, will 
ſtand the difference of longitude. 

Thus, half the diſtance 150, and half the difference of latitude 
120, will be found ſtanding together in their columns, nearly under 
37?, the courſe ; and in the latitude column, find half the meridian 
difference of latitude 154, 5 the neareſt to it is 154, 1; againſt which, 
in the departure column, ftands 116,1, which doubled, is 232,2, 
the difference of longitude nearly as before, 


CASE VI. 


One Latitude, Courſe, and Departure given, to find the Diſtance, Dif 
ference of Latitude, and Difference of Longitude. | 


A ſhip fails E. S. E. from a 
certain port in latitude 50* 10 
S. and longitude 10? 16' E. un- & | 
til her departure from the me 
ridian be 957 miles; I demand 
the diſtance failed, and the la- 


. — 
titude and longitude ſhe is in? X Long. 


To 


102 


To find the Diſtance it will be, 


MERCATOR'S SAILING, 


To find the Diff. of Lat. it will be, 


As the ſine courſe 6 pts. 9.96562 | As fine courſe 6 pts. 9.96563 
Is to the departure 957 2.98091 |Is to the departure 957 2.98091 
So is radius 10.c0009 So is co- ſi. courle o pts, 9.3828. 
12. 98091 12.5637 
9.96562 9.95 562 
To the diſtance 1036 3.01529 To diff. of lat. 396336936 2.59613 


To find the Diff. of Longit de. 
As co ſine courſe 6 pts. 9.58284 
Is to mer..diff. of lat. 667 2.82413 
$0 is fine courſe 6 pts, 9.96542 


12.7*975 
9.58284 


—— — — 


To diff. of long. 1610 3.20631 


By GU 


Lat. left 50? 10'S. mer. pts. 3490 
Lat. in 56 46 8. mer. pts. 4157 


— 


Merid. difference 667 
Long. left boY 15K 
Diff. of long. 1610 = 26 5o E. 
Longitude in $7” 0, 
NT E R. 


iſt, * The extent from 6 points to radius, on the line marked 


SR, will reach from the departur 
the line of numbers.“ 
2dly. © The extent from 6 poi 


e 957, to the diſtance 1036, on 


nts to 2 points, on the line marked 


SR, will reach from the departure 957, to the difference of latitude 


396, on the line of numbers.” 


3dly. © The extent from 2 points to 6 points, on the line marked 


SR, will reach from the meridian 


difference of latitude 667, to the 


difference of longitude 1610, on the line of numbers,” 


By INSPECTION, 


Over the courſe of 6 points, and againſt a fifth of the departure 
I91,4 ſtands 79,2 and 207, which multiplied by 5 gives 396, the 
difference of latitude, and 1035 for the diſtance. 


Then in the latitude column, 


find a tenth of the meridian dif- 


ference of latitude 66,7, the neareſt to that is 66, 6; againſt which, 
in the departure column, ſtands 160,8, which multiplied by 10 is 


1608, the difterence of longitude. 
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CASE VII. 


One Latitude, Diſtance ſailed, and Departure from the Meridian given, 
to find the Courſe, Difference of Latitude, and Difference of Lengi- 
tude, 


A ſhip in latitude 49? 30 N. and 
longitude 14 40 W. fails S. caft- 
ward 645 miles, until her departure. 0 
from the meridian be 500 miles. Re- % P 
quired the courſe ſteered, and the 
latitude and longitude ſhe is in? | 
' 6 Be. 
"7 Long. s 
To find the Courſe it will be, | To find the Diff. of lat it will be, 
As the diſtance 945 2.80950 | As fine Courſe 30 500 9.88948 
Is to radius yo? 10.00000 Is to the departure 500 2.69897 
So is departure 500 2.09897 So is co-fi, courſe 300 50 9. 80043 
12.609897 12.409940 
2.80956 9.88948 


—u— — —V— — 


To fine courſe 0 50% 9.82941 To diff. lat. 40%, 3 47 2.6099 


Te find the Diff. of Long. it will be, | Lat. left 49% 3o/N. M. pts. 3428 
As co-fine courſe 50? 50 $g.80043|Lat.in 42 43 N. M. pts. 2840 
Is to m. diff, of lat. 588 2.76938 — 
So is fine courſe 300 5o' 9.88948 Mer diff. lat. 588 
| — — As pro. diff. of lat. 407,3 2.60992 

12.65 886 Is to departure oo 2.69897 

3.80043 So is m. diff. of lat. 388 2.76938 


— — — p 


Todiff.of lon.521,8=122' 2.35843 | 5.46835 
Long. left 14 40 2.60992 
Long. in 2 38 W. Io diff. of long. 721,8 2.85843 


Hence the ſhip's courſe is S. 50? 50 E. or S. E. + eaſt nearly, and 
ſhe is in the latitude of 429 43 N. and long. 29 38 W. 


By GUN T ER. 


iſt, © The extent from the diſtance 645, to the departure 500 
on the line of numbers, will reach from radius to 550“ $9, on the 


line of fines,” 1 
6 adly. 
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2dly. © The extent from 50? 50' to 39 10", on the line of ſines, 
will reach from the departure 500, to the difference of latitude 407, 
on the line of numbers.” 

3dly. * The extent from 39? 10“ to 50* 50, on the line of ſines, 
will reach from the meridian difference of latitude 588, to the dit. 
ference of longitude 722, on the line of numbers.” 


By INSPECTION. 


Now a fiſth of the diſtance and departure are 129 and 100, and 
are found together over 51*; and in the latitude column ſtands 8,2, 
which multiplied by 5 is 406, the difference of Jatitude, 

Then, in the latitude column, ſeek I of the meridional difference 
of latitude 146, the neareſt is 146,6 ; againſt which, in the departure 
column, ſtands 18 1,1, which multiplied by 4 is 72444, the difference 
of longitude. 

Having in the preceding parts ſhewn how to work the moſt uſeful 
problems in Middle Latitude and Mercator's Sailing ; ſhall now 
work the four following caſes both by Middle Latitude and Mer. 
cator's Sailing, in the manner I generally teach perſons who are of 
age, and youth of good abilities; eſpecially if they are limited to a 
ſhort time, and I believe they are all that can well happen at ſea. 


The following four Caſes are worked by Middle Latitude and Mercator's 
Sailing. 

Required the bearing and diſtance between the Lizard in lati- 
tude 49 57 N. longitude 514 W. and the Iſland of St. Mary's, 
one of the weſtern Ifands; in latitude 37* N. and longitude 25? & 
weſt ? | 


Lizard's lat. 49“ 57 N. Merid. pts. 3470 Lon. 5% 14/W, 
St. Mary's lat. 37 N. Merid. pts. 2393 Lon. 25 o6W. 


— —L-U½ — ——— 


Diff. of lat. 12 5527575 miles. Dif. 1077 Diff. 19 521192 miles. 


— — —e——. 


Sum lat. 2)86 57 
Mid. lat. 43 28 
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12.93708 

10.00000 

To the departure 865,1 2.93708 

As diff. of lat, 777 2.89042 

Is to radius go? 10.00000 

So is departure 865, 2.93708 
12.93708 

24 2.89042 
10 tang. of cou. 489 P10. 04666 
radius 10. oo000 
I to the diff. of lat. 777 2.89042 
So is ſec. of cou. 489 4 10. 17505 
13. 06547 

10 00000 

To the diſtance 1163 3.06547 


By Mercator's Sailing. 


Draw the meridian MT= 1077 
the meridian __ — * wg MI 
—77 the proper diff. of lat. per- 
Kenda to MT draw T H and 
10. Make T H=1192 miles, the 
difference of longitude. Join H 
and M, then will the angle THM 


be the courſe S, 479 54 W. and 


OM the diſtance 1159 miles. 


MERCATOR's SAILING, 


By PROJECTION. 


tog 


By Middle Latitude Sailing. 

Draw the meridian AB, with the 
chord of 60® deſcribe the arch PS, 
upon which ſet off 46* 32/ the com. 
of middle latitude from Q toSz 
through S draw the line AN=1192 
miles, the difference of longitude. 
Let fall the perpendicular NB, 
which will be the departure 865. 
— AB ſet off AC 777 miles, the 
difference of latitude; and upon C 
exect the perpendicular C D, and 
upon it ſet off the departure 865. 

Join D and A, and it is done; 
for DA will be the diſtance 1163 
miles, and the angle CAD the 
courſe S, 48 4 W. 


By CALCULATION. 


By Middle Lat. Sailing. 
As radius go? 10.0000 
Is to diff. of long. 1192 3.07628 
So is co - ſine mid. lat. 43* 28 9.86080 


By Mercator's Sailing. 


As the m. diff. of lat. 1077 3.03222 | 
Is to 3 10.00000 
So is the diff. of long, 1192 3.07628 


13.07628 

3.03222 

To tang. of cou. 47 44' 10.04406 
As radius 10.00000 


Is to the p. diff. of lat. 777 2.89042 
So is ſec, of cou, 47 54 10.17365 
| 1306547 

10.0000 


To the diſt. in miles 1159 3.06407 


Norx. The courſe may be found 
by Mid. Lat. Sailing without the 
Departure, thus: 

As the diff. of lat. 777 2.89042 
Is to diff. of long. 1192 3.07628 
So is co-fi. m. lat. 43* 2 9. 86080 


12.93708 
2.89042 


To tang. of cou. 48 4 


O By 
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By GUN TER. 
BY MIDDLE LATITUDE SAILING, 

" 1ſt, © Extend from radius or 90%, to'46% 32" the comp. mid. lat. 
on the line of fines, that extent will reach from the diff. of long, 
T192, to the dep. 865, on the line of numbers.” {Pts 
* zdly. © Extend from the diff, of lat. 777 to the dep. 865, on the 

line of numbers, that extent will reach from radius or 45*, to the 
courſe 489 4, on the line of tangents.” 
Zaͤly. Extend from the courſe 489 4, to radius or 90“, on the 
line of fines, that exteut will reach from the departure 865, to the 
diſtance 1103 miles, on the line of numbers.” 


By MERCATOR, 


it. © Extend from merid. diff. of lat. 107%, to diff. of longitude 
1192 on the line of numbers, that extent will reach from radius ot 
459 to the courſe 47? 54, on the line of tangents.” 

2dly. Extend from radius or 90%, to the comp. of 42® 60 on the 
line of ſines, that extent will reach from the prop. diff. of lat. 777, 
to the diſt. 1159, on the line of numbers.” 


By INSPECTION. 


BY MIDDLE LATITUDE SAILING, 


Look for the comp. of mid. latitude, as if it was a courſe in Plane 
Sailing, and difference of longitnde in the diſtance column, oppoſite 
to which will ſtand the departure in its column. Having the dit. 
ference of latitude and departure, the courſe and diſtance is found 
as in Caſe VI. in Plane Sailing. ; | 
Thus, taking J of the difference of longitude 1192=298, and 

as the comp. of middle latitude is 46% 32' or nearly 46 4 ; I look 
over 469 and 479, and againſt diſtance 298 ftands 21444 and 218 
in the departure columns; which added together gives 4.3 2,4, half 
is 216,2, this multiplied by 4, becauſe the difference of longitude 
was divided by 4, gives 864,8 the departure: Again, taking + of 
the difference of latitude, and & of the departure 194,2 and 2162, 
the neareſt numbers to theſe ſtanding together, are 216,2 and 194,7, 
over 48“ and againſt the diſtance 291 ; this multiplied by 4 gives 
the diſtance 1164 miles. Hence the courſe is S. 48% W. and dil- 
tance 1164 miles. | 


By MERCATOR. 


1ſt. Look for the meridian difference of latitude and difference of 


longitude, until they are found ſtanding in their reſpective columns, 
(as if they were latitude and departure) and the courſe will be found 
among the degrees or points, in the Jatitude column: belonging to 
this courſe, find the proper difference of latitude, oppoſite to nich 
ſtands the diſtance in its column. * 
(ow 


- 
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Now us of the meridian difference of latitude, and the 7s of the 
difference of longitude are 107,7 and 119,2 the neareſt numbers in 
the tables are 107,7 and 119,6 ſtanding together over 489, which 


is the courſe; over 489 in the latitude column, I look for the 7; of 
the proper difference of latitude, which is 77,7 the neareſt is 77,6, 


againſt this ſtands 116 in the diſtance column, which multiplied by 
10 gives 1160 the diſtance nearly, as before. 


The Difference of Latitude and Departure given, to find the Courſe, 
* — and 322 of Longitude, by Middle Latitude an Me 


cator's Sailing. 6 40 RY 


| A ſhip from the latitude of 379 N. and longitude 489 20, WW. ſails 
between the narth and eaſt, until ſhe be in latitude 5115 N. and 


finds that ſhe has made 564 miles of departure ; what was her direct 
courſe, diſtance run, and longitude in? 


Lat. left 37% ON. mer. parts 2393 
Lat.in $1 15 N. mer. parts 3593 


— r — — — 


14 15 855 miles diff. 1200 
Sum lat. 1) 88 15 
Mid. lat. 44 7 
— go? 
44 7 


Comp. mid. lat. 45 53 


Draw the meridian DP, make it equal to 855 the difference ot 


latitude; on P ere the perpendicular PN, and make it = 564 the 


departure; join D and N, then will the angle PDN be the courſe 


N. 33“ 25 W. and DN the diſtance 1025 miles. | 

At the diſtance of the departure 564, draw E F parallel to DP; 
with the chord of 60 deſcribe the arch TS, and n it ſet off 
the comp. of the middle latitude 45 531 from S to T, through T 
draw DO, to cut EF in O, then will OD be the difference of 
longitude 785,6 miles, by Middle Latitude Sailing, 

Again, produce DP to A, and make DA=1200 the merid. 
difference of latitude : draw AB parallel to PN, and produce DN 
until it cuts AB in B; then will AB be 791,7 miles; the difference 
of longitude by Mercator's Sailing. | 


O 2 | By 
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108 MERCATOR'S SAILING, 


By CALCULATION. 


As the diff. of lat. 855 2.93197 | As radius 90 io. ooo 
Is to radius go 10.00000 Is to the diff. of lat. 855 2.9319) 
So is departure 564 2.75128 So is ſec, courſe 3325 10. 07848 
12.75128 | 13.0104; 

2.93197 10.00000 


To tang. of cou. 3325 9.81931 [To the diſtance 1024 3-01045 


"WT. Io find the Difference of Latitude, 
By Middle Latitude Sailing. | By Mercator's Sailing. 


As co-fi. mid. lat. 44* 7* 9.85608 As co-fine cou. 33* 25' 9.92152 

Is to the departure 564 2775 128 Is to mer. diff. lat. 1200 3.07918 

So is radius go? 10.00000| So is the fine cou. 33* 25/ 9.74093 

85 12.75128 12.82011 

9.85608 9.92152 

To diff. of lon. 785.6 miles 2.89 50 To diff. of long. 791, ms. 2.8985 
6,0) 78,6 6,0) 79, 2 


Diff. 13. 6E. 
Lon. left 48. 20 W. 


— — 


Long. in 35. 14 W. by M. Lt. Sail.] Long. in 35. 8 W. by Mer. Sail. 


Her direct courſe is N. 33 25 E. or N. E. by N. nearly, and 
diſtance 1024 miles. 


By GUN T E R. 


1ſt. Extend from 855 to 564 on the line of numbers, that ex- 
tent will reach from radius or 45, to 332 25 the courſe, on the 
line of tangents.” 

2dly. Extend from radius or 90, to the courſe 33 25/ on the 
line of fines, that extent will reach from the departure 564, to 
the diſtance 1024, on the line of numbers.” 

'3dly. © Extend from radius or 909, to the complement of middle 
latitude 45 5 on the line of fines, that extent will reach from the 
departure 564, to 786 miles, the difference of longitude by Middle 
Latitude Sailing. | 

4thly. Extend from the ſine of the courſe 33* 25 to the co- 
ſine of the courſe 56* 35 on the line of fines, that extent will reach 
from the meridional difterence of latitude 1200 to 792 miles, the 
difference of longitude by Mercator.” 

© Or, the extent from the difference of latitude 855, to the de- 
parture 564, will reach from the meridional difference of latitude 
1200, to 792, on the line of numbers.“ 5 

y 


Diff. long. 13. 12 E. 
Long. left 48. 20 W 


4 
* 
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By INSPECTION. 


With the difference of latitude and departure, find the courſe 
and diſtance as in Caſe VI. in Plane Sailing. Take the comple. 
ment of middle latitude as a courſe, and the departure in its column, 
the correſponding diſtance will be the difference of longitude, by 
Middle Latitude Sailing. And, 

Having found the courſe, inſtead of the proper difference of lati- 
tude, find the meridional difference of latitude in the latitude co- 
jumn b longing to the courſe; the correſponding departure will be 
the difference of longitude, by Mercator's Sailing. 

Now taking ys of the difference of latitude, n of the departure, 
viz. 85,5 and 56,4, the neareſt numbers ſtanding together in the 
tables to theſe are, 85,5 and 55,5, under 33® againſt diſtance 102, 
and 85,4 and 57,6 under 34* againſt diſtance 103; now 33® added 
to 340 is 67, half is 33 30 the courſe; and 102 added to 103 gives 
205, half is 102,5, which, multiplied by 10, gives 1025 the diſtance, 


To find the Difference of Longitude. 


Over the complement of middle latitude 46®, find I of the de- 
parture, viz. 141 in its column, and again{t it ſtands 196 in the 
diſtance column, this multiplied by 4, gives 784 miles, the differ- 
ence of longitude, by Middle Latitude Sailing. 

Again, the courſe being 37 25 or nearly 33* 1, look for of 
meridional difference of latitude= 120 in the latitude columns, under 
33* and 34, the neareſt numbers to theſe are 110,9 and 120,2, the 
departures correſponding are 77,9 and 81,1, their ſum is 159, half is 
725 which multiplied by 10, gives 795 the difference of longitude, 

y Mercator's Sailing, nearly, as before. 

From what has been faid, it is eaſy to perceive that all the 
Caſes (ſave the firſt) in Middle Latitude and Mercator's Sailing, 
are projected and worked in the ſame manner as in Plane Sailing, 
and to obtain the difference of longitude by Middle Latitude Sailing, 
the complement of the middle latitude is taken as a courſe in Plane 
Sailing, and with this courſe and the departure, the diſtance is 
found, which will be the difference of longitude by Middle Latitude 
Sailing, And having the courſe, take the meridional difference 
of latitude, as if it was the proper difference of latitude, the cor- 
reſponding departure will be the difference of longitude by Merca- 
tor's Sailing. 


The Courſe and Diſtance given, to find the — of Latitude, and 
Difference of Longituae. 
A ſhip from Cape Clear, in latitude 5115 N. and longitude, 
Nase. W. fails S. W. by S. until ſhe has run 1022 miles, what 
tude and longitude is ſhe in? 1 
48 
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As radius 90 
Ts to the diſtance 1022 
So is fine courſe 3 pts. 


10.,90000| 


3.00945 
9.74474 


12.75419 
19.90000 


— . ̃ — 


As radius 9 
Is to the diftance 1022 43.009, 
80 is co-fine courſe q pts. 9.91985 


12.92 930 
Io. ooooo 


— 


To the departure 567,8 2.75419 


To the diff, of lat 849,8 2.92930 


Now 849,8 or 850 divided by 60, gives 14 10'S. and being ſub. 


tracted from the latitude of Cape Clear, leaves 37* 5' the tatitude 
in: Hence the raiddle latitude is found to be 44? 10', and meridional 
difference of latitude 1194. W hence, 


To find the Difference of Longitude | To find the Difference of Longitude 


by Mid. Lat. Sailing. | 


As co-fine m lat. 44* 10' 985571 
Is to the departure 567,8 2.75420 


by Mercator's Sailing. 
As the co-fi, courſe 3 pts. 9.9198; 
Is to mid. diff. of lat. 1194 3.077500 


50 is radius ya® 10.00000 } So is fine courſe 3 pts. 97447 


12.7 5420 12.827174 
9.85571 9.91985 
To che diff. of lon, 791,6 3.89859 To the diff, of lan. 295,8 2.9018 
Cape Clear's long. 9 go. W. Cape Clear's long. 9 50 W. 
Diff. of long, 792 '=13 12 W. Diff. of long. 798 . =13 18W, 


Long. in by mid. lat. =23 2 W. Long. in, by Mercator 23 8 W. 


The Curſe and Difference of Latitude given, to find the Diflance aud 
Difference of Longitude. | 
A ſhip in 37 N. and longitude 22% 56' w. fails N. 22 20' E. 
for ſeveral days, and then by obſervation js found to be in the lati- 
tude 51* 15'N.; required the diſtance run and longitude in? 
. Merid. parts 3593 
Lat. 37 Merid. parts 2393 


Diff. 14 15=855 miles 


. 


1200=merid. diff of lat, 


Sum 14)88 15=44,7 mid. lat. 


As co-fine courſe 22® 20 9.96614 As co-fine cou. 22 20 9.96614 
Is to diff. of lat. 855 2.93197 [Is to diff. of lat. 835 2.93197 


$0 is fine courſe 22® 20 9.57978 So is radius go? 10,00000 
12.54175 12.93197 
9.96614 9.96014 


— — — — 


To the departure 351,3 2.54561 To the diſtance 924,3 2.56583 
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To find the Difference of Longitude, 


By Mid. Lat. Sailing. By Mercator's Sailing. 

As co-fi. mid. lat. 449 7 9.85608 As co- ſine courſe 22 20 9.96614 
Is to the departure 351 2.545310 Is to mid. diff. of lat. 1200 3.07918 
80 is radius 90 10.00000| Sg is fine courſe 22 20 9.57978 
| 12.54531} 12.65396 
9.55005 9.92014 
To diff. I. 489 2 8 g/ E. 2.68923 To diff. lon. 49328 13 2.69282 

Lon. left 22 50 W. Long. left 22 56 
Long. in 14 47 W. by m. lat Long. in 14 43 W. by Mer. 


Theſe four caſes are all that can well happen at ſea; but as ſome 
young men are inattentive, and frequently lobking in the book to 
lee if their calculation is the ſame as that ſet down; 

The teacher perhaps may find it neceſſary to let ſuch work the 
following queſtions by way of exerciſe : | 

weft. 1ſt. Required the bearing and diſtance of Hang. Cliff in 
Shetland, in latitude 609“ N, and long. 58 W. and the North Cape 
of Lapland, in lat. 719 10 N. long. 260 3/ E.? 

AY } N. 44 48 E. diſt. 931, 6 miles, by Mercator's Sailing. 

N. 45 19 E. diſt. 940 miles, by Middle Lat. Sailing. 

Que. 2d. A ſhip in lat. 37 N. and longitude 48% 200 W. fails 
between the N. and E. until ſhe is in the latitude of 51* 18“ N. and 
finds ſhe has made 564 miles of dep.; required her direct courſe, 
diſtance run, and longitude in ? | 

N. 33” 19 E. diſt, 1027 miles, long. in 35 14 W. b 

+4 Middle Latitude Sailidg, N | i 8 

) N. 339 19 E. diſt. 1027 miles, long. in 35 8' by Merca- 
tor's Sailing. 

Woof 3d. A ſhip from the lat. of 50? 30 N. fails S. S. W. 
150 leagues; what lat. is ſhe in, and how much has ſhe differed her 
longitude ? 

5 in 43˙ 34 N. diff. of long. 253,3 miles, by Merca- 

Ans tor's Sailing. | 

) Lat. in 43? 34 N. diff. of long. 252,6 miles, by Middle 
| Latitude Sailing. 

weft; 4th. A ſhip from latitude 20? 40 N. fails N. E by E. 
until the be in the latitude of 27 16'N. ; required her diſtance run, 
and difference of longitude ? | 
2 run 712, 8 miles, difference of longitude 648, f 


ts, 1 _ miles, by Mercator. 
)˖ } Diſtance run 712,8 miles, difference of longitude 648, 6 


miles, by Middle Latitude, 
Queſt. 
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Duet. 5th. Suppoſe a ſhip from the latitude of 458 40 N. ſails 
between the S. and E. 600 miles, and then her departure is com. 
puted to be 308 miles ; required the courſe, latitude, and difference 
of longitude ? 

-Courſe S. 3bY 53 E. latitude in 37* 5 N. difference of 
ſh | longitude 411,5, by Mercator. 
* } Courſe S. 30? 53“ E. latitude in 37? 5 N. difference of 
longitude 410,4, by middle latitude. 
weſt, bth. A ſhip from the latitude 45 30 S. fails N. N. W. 
until her difference of longitude be 7® 40'; required the latitude 
ſhe is in, and her diftance filed? 

NoTE. This muſt be worked by Mercator's Sailing, thus: 

As tang. courſe 22? 30“: radius or 90: : the difference of lon. 
gitude to the mer. diff, of latitude 1110 miles. Now, from the 
meridian parts of latitude left 3073, take the meridian diff. of latitude 
1110, the remainder 1963, is the meridian parts of the latitude come 
to 3194 8. Having the courſe and proper difference of latitude, 
the reſt is found by Eaſe IT. in Plane Sailing. 

Ant. The ſhip is in latitude 319 4' S. diſtance 937,4 miles. 

us/t. 7th. A ſhip in the latitude 51 15 N. and longitude 22 W. 
fails between S8. and W. until ſhe has made 564 miles of departure, 

and 786 miles of difference of longitude, required her courſe, di. 

tance, and latitude, and longitude in? 

2 Note. This muſt be worked by Middle Latitude Sailing, as 
AS. | 
As diff. of long. 786 : radius: : the departure 54 : co-fine of 

middle latitude 44® 9\, + 44 9'=88® 18' the ſum lat. and 88 18' 

—519 15=lat.in 379 3' N. Having the difference of latitude and 

departure, the courſe is found to be S. 33% 30 W. and the diſtance 

1021,7 miles. 

It may now be ſuppoied that the Learner is capable of working 
any ſingle courſe, either by Middle Latitude or Mercator's Sailing; 
we ſhall now proceed to Compound Courſes, commonly called Tra- 
verſe Sailing, which may be worked by Middle Latitude and Mer- 
cator's Sailing; either by projection, calculation, Gunter's ſcale, or 

nſpection. 

How to ſolve compound courſes, or a traverſe, has already been 
ſhewn in Plane Sailing; but it is neceſſary alſo to ſhew, how pro- 
per allowances for the longitude ſhould be introduced into ſuch 
accounts, which is eaſily done by any of the following methods: 

Iſt. Complete the traverſe table to each courſe and diſtance as in 

Plane Sailing, and find the whole difference of latitude, departure, 


and latitude in. 


2dly. With the whole difference of latitude and departure, find 
the dire& courſe and diſtance, 
5 3dly. 


d 


. 
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ference of longitude by Middle Latitude Sailing. 


Or, with the courſe and meridional difference of latitude, find the 


difference of longitude by Mercator's Sailing. 


Theſe methods are generally uſed in working a day's work at ſea 
but thoſe that want a greater degree of accuracy, may work by the 


following methods, eſpecially in high latitudes : 


By the ſeveral differences of Jatitudes and departures, found in the 
tables of difference of latitude and departure, find the latitudes come 


to, middle latitudes, and complements of middle latitudes : with each 


complement of middle latitude and correſponding departure, find the 
difference of longitude to each courſe and diſtance, and ſet them 
down in two additional columns marked difference of longitude, 


eaſt and weſt, according to the departure ufed ; add up the caſt and 


weſt columns, and their difference will be the whole difference of 


longitude, by Middle Latitude Sailing, 

But if you work by Mercator's Sailing, find the meridional dif- 
ference of latitude for each courſe and diſtance; with each courſe 
and meridional difference of latitude, find the difference of longi- 
tude; which ſet down as above directed, and the difference between 
the eaſt and weſt columns will be the difference of longitude by 
Mercator's Sailing. = this method the ſhip's place may be found 
at the end of each courſe and diſtance run, and pricked oft on a Mer- 
cator's chart. 


EXAMPLE I. 


Suppoſe a ſhip from the Land's End in latitude 50% 6“ N. and 
longitude 5® 55' W. is bound to the iſland of St Mary's, in latitude 
37 N. and longitude 25? 6' W. but by reaſon of contrary winds is 
obliged to ſteer the following courſes, viz. 8. by W. 24 miles 
W. S. W. 32, N. WI W. 41, 8. 8. E. +E.49, E. N. E. 4 E. 
19, W. 21, N. E. 4 E. 36, S. 41, S. 8. W. 92, and N. 36 miles; 
and it be required the latitude and longitude ſhe is in, with the di- 
rect courſe and diſtance to her intended port? 

With the ſeveral courſes and diſtances, find their differences of 

latitude and departure, and ſet them down as in the following Tra- 
verſe Table. 
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dly. With the latitude left and latitude in, find the complement 
of the middle latitude; with which, and the departure, find the dif- 
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TRAVERSE TABLE. 


COURSES. | DIST.| DIFF. OF LAT, | DEPARTURE, 
. 8. E. © 
— — — — — —— — — 
S. by W. 24 23,5 4,7 
W. S. W. 32 12,2 29, 6 
N. W. iW. 1 41 31,7 
8. S. E. 41 E. 49 26,0 44, 3 21,0 
E. N. E. 1 E.] 19 18, 4 
Welt 21 4,0 21,0 
N. E. 1 E. 36 | 27,8 | 
South, 41 22,8 | 41,0 
8. 8. W. 92 85,0 35, 2 
North. 36 36,0 
| 89,4 206, | 67,2 | 122,2 
| 89, 4 67,2 
Dif. lat. S.|z 16, 6 [ Depar. | 55, o 


It is plain by the Traverſe Table, that the ſhip has made 1166 


miles of ſouthing, and 55 miles of weſting. 


Now from latitude left 
Take diff, of lat. 117 = 


50?. 6 
I. 57 


48. 9 N. Meridian 


Latitude in 


Sum latitudes 2)98 15 


— —— 


Middle latitude 


Meridian parts 3494 


parts 3303 


49. 7 Meridian difference 179 


Whence to find the Difference of Longitude, it will be, 


By Middle Latitude Sailing. | 


By Mercator's Sailing. 


As co-fine mid. lat. 49% 9.81592 As p. diff. of lat. 116, 2.06670 
Is to the departure 55 1.74036 Is to the departure 55 1.74036 
So is radius go? 10.00000 So is m. diff. of lat. 179 2.25255 
11.74036 399321 
9.81592 2.06670 
To diff. of lon, 84124 1.92444 To diff. long. 84, 41 24 1.92051 
Long. left 5 55 Long. left 5 55 
Long. in 7 19 by pu. lat. Long. in 7. 19 by Mer. 


By 
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By INSPECTION. 


Taking the complement of middle latitude 41“ as a courſe, and 
the departure 55 in its column, the neareſt is 55,1 againſt which 
ſtands 84 in the diſtance column, the difference of longitude by Mid- 
dle Latitude Sailing. And, 

With the proper difference of latitude and departure; the courſe 
found nearly 25 and diſtance 129 under the courſe ; in the latitude 
column look for the meridian ditterence of latitude 179, the neareſt 
is 180, 4, againſt which ſtands 84, i in the departure column, which 
is the difference of longitude by Mercator's Sailing. 


To find the direct Courſe and diſtance to St. Mary's. 


Lat. of ſhip 48? N. Merid. pts. 3305 Lon. of thip 7 19 W. 
Lat. St. Mary's 37 N. Merid, pts. 2393 1 Mary's 25 6W. 


— — — - 


Diff. 11 9=66g ms. Diff. 912 Diff. of long. 17 47=1067 


—— ————_— — — 


Sum lat. 2)85. 9 


Mid. lat. 42 34 
By Middle Latitude Sailing. 


As the diff. of lat. 669 2.82543 | As co: ſi. courſe 495“ 9.81180 
Is to diff. long. 1067 3-02816| ls to prop. diff. of lat. 669 2.82543 
$0 is co-ſi. mid, lat. 42? 34' 9.86717 | So is radius go? lo. ooo 
12.895633 12.82 543 

2.025 43 9.81180 

To tang, courſe 49® 35 10.0699 To the diſt, 1032 3.01363 

By Mercator's Sailing. 

As merid. diff. of lat. 912 2.95999 As radius 10.c0000 
Is to radius 90? 10.00000 | Is to p. diff. of lat. 669 2.82543 
80 dit. of long. 1067 3.02816 So is ſec. courſe 49 29 10.18731 
13.02816 1301274 

2.95999 10,00090 


To tang. courſe 49® 29! 10.06817] To the diſtance 1030 3.01274 

Hence the direct courſe from the ſhip to St. Mary's is S. 49® 35“ 
W. and diſtance 1032 miles, by Middle Latitude Sailing; and 8. 
49* 29 W. and diſtance 1030 miles, by Mercator's Sailing. The 
lame may be found 


By INSPECTION. 


Take 3 of the diff. of long. 1067, viz. 267 nearly, and look for 
that in the diſt. column over the complement middle 479 nearly, and 
in the departure column ſtands 195,31 of the departure, 

P 2 The 
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Then look for 7 167,2, and 4 of departure 195,3, until they are 


found ſtanding together in their reſpective columns, the neareſt ate 


found over 40 and 50 viz. 195,5, 169,9, and 95, 3, 103,9; the 
dittances correiponding to theſe are 259 and 255, their ſum is 514, 
halt is 257, this multiplied by 4, gives 1028 miles. Hence the 
courſe is 8. 490 49 W. diſt. 1028 miles, by Mid. Lat. Sailing. 

Again, taking x; of the meridional difference, and Ys of the diff. 
of longitude, viz. 91,2 and 106,7, the neareſt numbers to thele are 
206.4, 92,5, and 106,5; 89,4 ſtanding over 49? and 50% in the 1ati. 
tude columns, belonging to the above degrees; look for , of the 
proper difference of latitude, viz. 66,9, the neareſt is 66,9 and 60,8, 
the diſtances to theſe are 102 and 104, their ſum is 206, halt is 103, 
which being multiplied by 10, gives 039 miles. 

Hence the courſe is 8. 49 30 W. and diſtance 1030 miles, by 
Mercator's Sailing, the ſame as by calculation. 

Here, to have gone to geometrical ſtrictneſs, the difference of 
longitude ſhould have been found to every courſe and diſtance run, 
by Middle Latitude or Mercator's Sailing, which would have given 
the ſhip's true place at the end of each courſe and diſtance, but ſhal! 
leave the doing of that to the Reader; and as all traverſes are worked 
in the manner inown above, which is ſufficiently exact for a {lip's 
run in 24 hours, I hall therefore only add a few queitions for the 
Learner's exerciſe, 

Suppoſe a {ip from the latitude 689 38˙ N. and longitude 840 E. 
is bound to the North Cape, in 71* 100 N. and longitude 263 E. 
fails as in the following table; required the latitude and longitude 
ſhe is in, and her direct courſe and diſtance to the Cape? 


— 


cobnens. D N. |S. | E. W. LAT. 18. Diff. Lang. 
E. TW. 
68 38 
N. E. by N. 631/32, 4 35,0 69 30 | 97,2 
N. E. 38] 26,9 26, 9 69 57 | 78,0 
N. N. E. 6 51,7 2154 70 49 | 04,2 
North. 30] 30,0 71 19 
N. W. by N. 25 20, 8 1379 71 40 44, 1 
N. N. W. IW. zo] 31, 8 1750 72 12 557 0 
N. by E. (40 39, 2 7,8 72 51 | 26,0 
N. E. by E. E72 33,9 63,5] | 73 25 21%, 
8. E. © 35, 31-35, 3 72 50 120, 6 
E. N. E 65 24,9 0,0 73 15 2759 
311, 5 35, 3249, 930, 9 813, 3 39, 1 
333 3 30,9 995 
Diff. of lat. 276, 2 Dep. 219, © DifF lon. 
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In working the above, the difference of longitude is found by the 
courſe and meridional difference between each parallel of latitude ; 
or, it may be done by taking the complements of each middle Jati- 
tude, and the departure for each courſe. 

Now the lat. left was 68 38 N. Long, 82 40 E. 
The diff. of lat. 276 ms.= 4 36. N. Diff. lon. 714 m. 211 54 E. 
Lat. in — 73 14 Long. in — 20 34 E. 
Lat. of N. Cape 71 10 Long. of Cape 26 3E. 


The m. diff. lat. is 406 ms. 29 4 =124 ms. Diff. of long. 5. 29 2 
329 miles, | : | 

With the meridional difference of latitude 406, and difference of 
longitude 329, the courſe between the ſhip and the Cape is 8. 
301 E. diſtance 160 miles, by Mercator; and S. 3993“ E. diſtance 
159% by Mid. Lat. Sailing. : | 


By INSPECTION. 


With + of diff. of lat. 276, and 2 of departure, 219, viz. 92 and 
73, the courſe made good is 38 30, and diſtance 354 miles. 

And with ys of meridional dilterence of latitude 849, and the 
courſe 38 30, the difference of latitude is 676, by Mercator's 
Sailing. 

And with the complement of middle latitude 19,2 and the de- 
parture 219, the diftering of longitude is 675 nearly, by Middle 
Latitude Sailing ; difterence from that above 38 miles, by Mercator, 
and 39 miles by Middle Latitude Sailing. 

But as ſhips never run ſuch diſtances in 24 hours, the firſt method 
of finding the difference of longitude will be ſuthciently exact for any. 
day's run. 

The bearing and diſtance to the North Cape may be either found 
by Middle Latitude or Mercator, by Inſpection, which will be nearly 
as above. 

A ſhip from the Lizard, in latitude 49? 57 N. and longitude 
5 14 W. is bound to Funchal in Madeira, in latitude 32 38' N. 
and longitude 17 5' W. ſteers the following courſes, S. S. W. 250 
miles, W. 156, S. E. bv S. zoo, W. by N. 180, and S. 185 miles; 
required the latitude and longitude ſhe is in, and her direct courſe 
and diſtance to the intended port ? : 

By finding the difference of longitude for each courſe by calcula- 
tion, the ſhip is in latitude 39® 27 N. and longitude 11 28/ W. by 
Mercator's Sailing ; but by working by the whole difference of la- 
titude and departure, the longitude will be 11* 23 W. 

The courſe from the ſhip to Funchal, is S. 33* 15' W. diſtance 
489 miles, by Mercator's Sailing: 


And S. 33* 19” W. diſtance 489,4 miles, by Middle Latitude 
Sailing. 
A ſhip 
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A ſhip from latitude 38? 14' N. and longitude 25* 56! W. fun; 


the following courſes and diſtances, viz. N. E. by N. 3 E. 56 miles, 
N. N. W. 38, N. W. by W. 46, S. S. E. 30, S. by W. 20, and 
N. E. by N. 60 miles; required the direct courſe and diſtance made 
good, and the latitude and longitude ſhe is in? 

The courſe is N. 14 E. diſtance 108 miles, latitude in 39? 50 N. 
longitude in 255 22 W. 

Suppoſe a ſhip in latitude 67 30“ and longitude 8? 46 W. fails the 
following courſes, N. E. 64 miles, N. N. E. 50, N. W. by N. 58, 
W. N. W. 72, W. 48, S. 8. W. 38, S. by E. 45, and E. S. E. 40 
miles; what latitude and longitude is ſhe in? 

By working by the whole difference of latitude and departure, the 


ſhip is in latitude 68? 43 N. and longitude 11“ 3 W. But, 


By finding the difference of longitude for each courſe and diſtance, 
ſhe is in longitude 11* 37 W. by Middle Latitude Sailing, and 11? 
43 W. by —— Sailing. 

Having gone through the neceſſary problems in Mercator's Sail. 
ing, we thall now proceed to ſnew how the true chart, common 
called Mercator's Chart, may be conſtructed either for the whole, 
or any part of the Terraqueous Globe. 


I hen a Chart is to commence from the Equator, or if the Equatzr is 1 
run throuzh it. 


Having provided a ſcale of convenient length, draw a line to re. 
preſent the equator, and croſſing that at right angles, another to 
repreſent the meridian of ſome known place, ſuch as London, Paris, 
the Lizard, or any other place whoſe longitude is known; the uppe1 
end of which will repreſent the north, and the lower the ſouth. 

From the ſcale take 60 in your compaſſes, and with one foot upon 
the meridian, ſet off that diſtance on both of it upon the equator, 
if the chart is to contain eaſt and weſt longitude; but, if it is only 
to contain eaſt or weſt longitude, lay it off upon that ſide of the 
meridian the caſe requires: that is, if the longitude is to be weſt- 
ward, Jay it off on the leſt-hand fide of the meridian ; but if eaſterly, 
the right-hand fide; 

Again, take 2 degrees or 120 miles in your compaſſes, and ſet it 
off from the meridian, in the ſame manner as before; or, with 60 
miles in your compaſſes, turn over from the meridian, and that will 
point out the degrees of longitude, which may be divided into halves, 
quarters, or minutes, if required, 

Having ſet off as many degrees of longitude as you intend the 
chart ſhould contain, through the laſt draw a line (or lines) pa- 
railel to the meridian, which will be the bounds of the chart eaſt and 
welt. | 

Having divided the equator as above, proceed to ſet off upon 
the two extreme meridians from the equator, the meridional 


parts (as found in the table) belonging to each degree of —_— 
| | | that 
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that is, take from the ſcale in your compaſles the miles w— 


to one degree in the table, and with one foot in the equator, ſet o 
that diſtance on each ſide of it upon the extreme meridians, if the 
chart is to contain north and fouth latitude ; but if only north or 
ſouth, upon one fide of the equator, 

Again, take the meridional parts anſwering to 2 degrees and 3 
degrees, &c. in your compaties, and ſet them off upon the meridian 
from the equator, as betore. 

In like manner proceed to ſet off as many degrees as you intend 
the chart ſhould contain; or, which will be the tame thing, take the 
meridional difference of latitude between any two parallels, and ſet 
them off ſeverally from the leaſt latitude. 


Lay a ruler on each of theſe diviſions, and draw lines parallel to 


the equator, and they will be the parallels of latitude; each of which 
will be enlarged towards the poles, in proportion as the degrees of 
longitude are. F 

arallel to the meridian, draw lines through the points, expreſſing 
the degrees of longitude, to cut the parallels of latitude, which bound 
the chart north and ſouth. 

The parallels of latitude may alſo be divided into halves, quarters, 
or minutes, by taking the meridional parts for degrees and minutes, 
and ſetting them oft as before. 

Draw double lines on the borders of the chart, and mark out the 
degrees of latitude and longitude ; and, in ſome convenient place, 
draw the compaſs. In like manner may a chart be made that ſhall 
contain any number of degrees and minutes required, When the 
chart is not to commence from the equator, but is only to ſerve from 
a certain diſtance on the meridian, between two parallels on the 
ſame ſide of the equator, then the meridians are to be drawn as be- 
fore, and for the parallels of latitude you are to proceed thus; 

From the meridional parts anſwering to each point of latitude in 
your chart, ſubtract the meridional parts anſwering to the leaſt lati- 
tude, and ſet off the difference ſeverally from the parallels of the 
leaſt latitude upon the two extreme meridians, and the lines joining 
theſe points of the meridian will repreſent the ſeveral varallels upon 
the chart. | 

Let it be required to draw a chart that ſhall ſerve from the latitude 
of 14 degrees north, to 52 degrees north, and that ſhall! contain 
I degree eaſt, and 26 degrees of longitude welt of the meridian of 
London. — See the chart. 

Draw a line to repreſent the meridian of London, from which ſet 
off 60 miles towards the right hand, for one degree of longitude, 
and on the other fide, towards the left hand, ſet off 26 degrees of 
welt longitude, as before directed; through the two laſt points draw 
lines parallel to the meridian of London, and theſe will be the ex- 
treme meridians or eaſt and weſt bounds of your chart. 

Having drawn the two meridians on the lower edge of the paper, 
dra a line perpendicular to the meridians, to xepret2nt the parallel 
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of 14 degrees north; then, from the meridional parts anſwering to 
I5 degrees 910, ſubtract the meridional parts anſwering to 14 de. 
grees 848, and take the difference 62 in your compaſſes, and ſet it 
off from the parallel on both the meridians from you, and that il] 
repreſent the parallel of 15 degrees. 

Again, take the meridional parts of 15 degrees 910, from the 
meridional parts of 16 degrees 973, and ſet off the difference 63, 
upon the meridians from: the point repreſenting the parallel of 1; 
degrees, and that will repreſent the parallel of 16 degrees. In like 
manner proceed to ſet oft the parallels upon the meridians. 

Or, if the meridional parts of 14 degrees be ſubtracted from the 
meridional parts of every ſucceeding parallel, and the difference be 
ſet off from the parallel of 14 degrees upon the meridians, theſe points 
will repreſent the ſeveral enlarged parallels of latitude, the ſame ag 
before; and, if it be required that the meridians ſhould be divided 
into degrees and meridians, the meridional-parts for ſuch muſt be 
taken from the table, and ſet off as above. 

Having ſet off as many parallels as you intend the chart ſhould 
contain, through each point draw parallels, or if you think drawing 
lines through every degree will croud your chart too much, you may 
divide the borders only into ſingle degrees, &c. and draw lines through 
every 5 degrees of latitude and longitude, as in the chart. 

Take from the table of latitude and longitude of places, the lati- 
tude and longitude of each particular place contained within the 
bounds of the chart, and lay a ruler over its latitude, and another 
croſſing that over its longitude; the points where theſe croſs will 
repreſent the propoſed place upon the chart. In like manner may 
any place be readily marked. Hence, the particular points of a 
ſea-coaſt may be laid down as above, and lines properly drawn from 
point to point will form the out-lines of the ſea-coaſt, iſlands, &c. 
to which may be annexed, the depths of water, ſetting of curents, 
and whatever elſe may be thought convenient for the chart to con- 
Lain. 

This map or chart is not to be conſidered as a juſt or ſimilar re- 
preſentation of the earth's ſurface, for in it the figures of iſlands and 
countries are diſtorted near the poles, For, 

Suppoſe an iſland in the latitude 60 N. or S. where the breadth of 
a degree of longitude is juſt half as large as a degree upon the equa- 
tor. Now, as the degrees of latitude are enlarged in proportion as 
the degrees of longitude are expanded towards the poles, it is plain, 
that every point of that iſland or country, being laid down in its pro- 
per latitude and longitude, will be repreſented twice as large as it 
really is. 

Hence it follows, that as the degrees of latitude are every where 
increaſed like thoſe of longitude, it is plain the bearings between 
places will be the ſame on this chart as on the globe; and the pro- 

rtions between the latitude and longitude and nautical diſtances, 


will be the ſame upon this chart as upon the globe, a 
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And ſince the meridians in this projection are right. lines, it fol- 
lows, that the rhumbs which form equal angles with the meridians 
will de ſtraight lines, which render this projection of the earth's ſur- 
face much more eaſy and proper for the mariner's uſe than any other. 

Gunter's Scales have drawn upon them two lines, one marked 
NM, ſignifying the Nautical Meridian; and the other directly un- 
der it marked E P, ſignifying Equal Parts, or degrees of longitude, 
upon a Mercator's Chart. | 

Thoſe are equal parts, or degrees of longitude, to which the de- 
grees of the nautical meridian are fitted, by increaſing them in their 
true proportion; hence the limits or bounds of a Mercator's Chart 
by theſe lines are eaſily made, by transferring the diviſions correſ- 
ponding to the degrees to be uſed, from the ſcale to the paper the 
chart is to be drawn upon : but as the degrees drawn by theſe lines 
are too ſmall for the ſeaman's uſe, it is much better to uſe a ſcale of 
equal parts as before, and conſequently the degrees may be made of 
any propoſed length. 


By the Latitude and Longitude in, to prick f the Ship on the Chart, 


RuLE. Lay the ruler acroſs the chart in the latitude your ſhip 
is in, then look upon the equator, or line marked with the degrees 
of longitude, for the longitude your ſhip is in by your reckoning, 
and ſetting one foot of your compaſſes in that longitude, take the 
neareſt diſtance to ſome north and ſouth line, and from where that 
line crofſes the edge of the ruler that lies in the given latitude ; la 
off that ſame diſtance along the edge of the ruler to the right 1 
if the longitude you are in was to the right hand of the north and 
ſouth line, or to the left hand, if it was to the left hand ; where this 
falls will be the place of the ſhip : but this will only do when the 
longitude marked on the chart, and your reckoning of longitude in, 
are both counted from the ſame meridian. Therefore, for a general 
rule, take the following, viz. 


By the Latitude in and Longitude made, to prick off the Shit's Place. 


RULE. Set one foot of your compaſſes in the place you take yout 
departure from, and take the neareſt diſtance to ſome north or fouth 
line, and from where that line falls upon the equator, or the line 
marked with the degrees of longitude, ſet off that diſtance the ſame 
way the place lies from it ; that is, to the right hand, if the place lies 
to the right hand of the north and ſouth line, or to the left hand if it 
lies to the weſt; and make a mark with a black lead pencil; this 
mark will ſerve to prick off by, till you come to take a new depar- 
ture ; and then rub it out, and make a new one as before, 

Then lay a ruler acroſs the chart in the latitude you are in, and 
taking ſo many degrees in your compaſſes from the line of longi- 
tude, as your longitude made comes to, ſet them off from your 
black-lead mark along the edge of the ruler to the caſtward ; if the 

Q longitude 
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longitude made be eaſt, or to the weſtward of it be weſt; where this 
falls will be the longitude the ſhip is in by the chart; from which 
take the neareſt 5 to ſome north and ſouth line, and from 
where that line &c. as in the firſt caſe, | 

The ſhip's place on the chart being found, as before taught, it 
remains in the next to ſhew how to find the bearing and diſtance of 
any place from the ſhip; and firſt, 


To find how any Place bears from the Ship. 


RuLEe. Lay a ruler from the place of the ſhip to the place you 
would know the bearing of; then ſet one foot of your compaſſes in 
the centre of ſome compaſs near the ruler, and take the neareſt 
diſtance to the edge of the ruler ; then run one foot of your com- 
paſſes along by the edge of the ruler, and obſerving what point of 
the compals the other comes neareſt to, which will be the bearing 
required, | 


To find the Diſtance of any Place from the Ship. 


CASE I. 


If the place be in the ſame longitude that the ſhip is in; that is, 
if it bears due north or ſouth, then the difference of Tatitude between 
them turned into miles or leagues will be the diſtance, 


CASE IL 


If the place be in the ſame latitude the ſhip is in; that is, if it 
bears due eaſt or due weft, then take half the diſtance between the 
ſhip and the place in your compaſſes ; and ſetting one foot on the 
line marked with the degrees of latitude, in the latitude the ſhip is 
in, ſee what latitudes *the other foot will reach to, both above and 
below it; the difference between theſe two latitudes will be the diſ- 
tance required, 


CASE III. 
hen they are neither in the ſame Latitude nor in the ſame Longitud: 
a with the Ship. 
RuzE. Take the difference of latitude between both places in 


your compaſſes from the equator, or graduated parallel; and lay- 
ing a ruler over both places, put one foot upon the ſhip's place, and 


flide your compaſſes along the edge of the ruler (holding both points 


parallel to the meridian) until the other cuts the parallel of latitude 
paſſing through the place, (or E. and W. line cut by the ruler) and 
then ſtay the compaſſes. Take the diſtance between where the 
point reſted by the edge of the ruler and the place (or where the 
ruler eroſſed the aforeſaid eaſt and welt line) in your compaſſes, 
and apply it to the equator, or graduated parallel, and that will 
give their diſtance in degrees, which may be turned into miles or 
leagues ; and in the fame manner as you find the bearing and dil- 
tance 
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tance between the ſhip and any place, you may alſo find the bear- 
ing and diſtance of one place from another; or if the diſtance be- 
tween the ſhip and place be taken in your compaſſes, and applied 
to the ſide of the chart, or graduated meridian, nearly in the paral- 
els of the ſhip and place, will give the diſtance in degrees as before; 
and for this purpoſe there are generally marked on the ſides of charts 
ſcales of leagues, by which the diſtance between the places may be 
readily tal 

Or the diſtance between two places upon a Mercator's Chart may 
be eaſily found, thus : 

Take half the diſtance between any two places, and with one 
foot of the compaſſes in the middle parallel, extend both ways upon 
the graduated meridian ; count the number of degrees between both 
points, which will be your diſtance, either in leagues or miles, ac- 
cording as the ſcale is divided; or take the diſtance in your com- 
paſſes, and ſet one foot as much above the one place as the other 
point is below the other place, on the meridian ; the number of de- 
grees between the points of the compaſles will be the diſtance. 


EXAMPLE. 


Required the Bearing and Diſtance between Cape St. Vincent and 
Teneriff ? 


Lay a rule over both places, and take their difference of latitude 
8? 30), from the equator or graduated parallel, in your compaſſes ; 
and ſlide one foot along the edge of the rule from Tenerift, holding 
the other point in the direction of the line CB, until the other 
point juſt touches the eaſt and weſt line, (AB) paſſing through 
St. Vincent, as at B, from C where the foot of the compaſſes reſted, 
by the edge of the ruler, and St. Vincent being meaſured, and ap- 
plied to the graduated parallel, gives 10 2-third degrees, or 640 miles 
the diftance. 

Again, take the neareſt diſtance between the centre of the com- 
paſs in your compaſſes, and ſliding them along the edge of the ruler, 
as 58 directed, you will find the courſe to be 8. W. by S. W. 
nearly. 

ws the direct courſe between Cape St. Vincent and Tenerift 
is 8. W. by S. 4 W. diſtance 640 miles, or 213 one-third leagues z 
and the ſame with other places. | 
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—_ earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and all bo- 
dies that are looſe upon it cloſely adhere to its ſurface, tending di- 
rectly towards its centre. Hence it is, that ſhips are able to (ail 
with the ſame facility every where (void of impediments) upon 
the ſurface of the ſea, quite round the terraqueous globe; and that 
(as to ſenſe) there is no ſuch thing as an upper or lower part of the 


earth; for let the inhabitant be in what part ſoever, he will there 


gravitate towards the earth's centre, and imagine himſelf to be on 
the higheſt point of its iurface; from whence he will obſerve the 
heavens like a large vaulc over his head, and his antipodes he will 
imagine to be directly under him, as they will alſo theirs, for the like 
reaſon. According to this jaw of gravity, if the earth was at ref, 
(and not acted upon by any other power) and its parts looſe, or its 
ſurface all over covered with a deep fluid, it would naturally form 
itſelf into a true ſphere, or globe. 

Notwithſtanding this power of attraction, yet the ſun, whoſe 
rays upon the earth cauſe vapours or fumes to be continually riſing 
from it, which muſt partake of the quality of thoſe parts from 
whence they are evaporated ; a collection of which form what we 
call our air or atmoſphere, ſurrounding the earth, and extending 
ſome miles above its ſurface, and is liable to be put in motion by 
various cauſes, Hence, air is a fine elaſtic fluid, and is found ca- 
pable of being compreſſed or condenſed by cold, or expanded or 
rarehed by heat, 

Conſequently, an alteration of heat or cold happening in any 

rt of the atmoſphere, the air in that part will be either condenſed 
or rarefied, and the neighbouring parts will thereby be put into mo- 
tion, through the endeavour which the air by its elaſticity or ſprin« 
gineſs always makes to reſtore itſelf to its former ſtate, or come to 
an equilibrium. 

Wind, is a ſtream or current of air which generally blows from 
one part of the horizon to its oppoſite, 

The following obſervations have been made on it, particularly by 
Dr. Halley, which are not unworthy the ſeaman's notice. 

Between 30 degrees north latitude, and 30 ſouth Jatitude, 
there is a conſtant eaſt wind throughout the year, blowing 4 

the 
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the Atlantic and Pacific oceans, and this is called the Trade 
Winds. ä | 

For as the ſun, in moving from eaſt to weſt, Heats the air more 
immediately under him, and thereby expands it; the air to the eaſt- 
ward 15 conſtantly ruſhing towards the welt to reſtore the equili- 
brium or natural ſtate of the atmoſphere, which occaſions a perpe-- 
tual eaſt wind in thoſe limits. | 

The trade winds, near theſe northern limits, blow between the 
north and eaſt ; and, near the ſouthern limits, they blow between 
the ſouth and caſt. 

For as the air is expanded by the heat of the fun near the equator, 
therefore the air from the northward and fouthward will both tend 
toward the equator to reſtore the equilibrium: now theſe motions 
from the north and ſouth, joined with the toregoing eaſterly mo- 
tions, will produce the motions obſerved near thoſe limits, between 
the north and eaſt, and between the ſouth and weſt. 

Theſe winds, if the whole ſurface of the globe were ſea, would 
undoubtedly blow quite round it, as they are found to do in the 
Atlantic and Ethiopic oceans; but ſeeing ſuch great continents in- 
terpoſe and break the continuity of the ocean, regard muſt be had 
to the nature of foils, and the poſition of high mountains, which are 
the principal cauſes of the variety of winds diftering from the for- 
mer general one. 

In ſome parts of the Indian ocean there are periodical winds, 
which are called Monſoons ; that is, ſuch as blow half the year one 
wal; and the other half the contrary way. 

or air that is cool and denſe will force the warm and rarefied 
air into a continual ſtream upwards, where it muſt ſpread itſelf to 
preſerve the equilibrium; ſo that the upper courſe or current of 
the air ſhall be contrary to the under current; for the upper air 
muſt move from thoſe parts where the greateſt heat is, and fo by 
a kind of circulation the N. E. trade wind below will be attended 
with a S. W. above, and a S. E. below, with a N. W. above: And 
this is confirmed by the experience of ſeamen, who, as ſoon as they 
get out of the trade winds, immediately find a wind blowing from 
the oppolite quarter, 

In the Atlantic oceap, near the coaſts of Africa, at about 100 
leagues from ſhore between the latitudes of 289 and 102? north, 
e * meet with a freſh gale of wind blowing from 

e N. E. 

Thoſe bound to the Caribbee Iſlands acroſs the Atlantic - find, as 
they approach the American ſide, that the N. E. wind becomes 
eaſterly, or ſeldom blows more than a point from the eaſt either to 
the northward or ſouthward. 

Theſe trade winds on the American fide are extended to 300, 
31, or even to 32® of north latitudez Which is about 49 farther 
than what they extend to on the African fide; alſo to the m_ 
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ward of the equator, the trade winds extend 3 or 4 degrees farthe; 
towards the coaſt of Brazil on the American fide, than they do near 
the Cape of Good Hope on the African fide. 

Between the latitudes of 4 degrees north and 4 ſouth, the wind 
always blows between the ſouth and eaſt: On the African ſide the 
winds are neareſt the ſouth, and on the American ſide neareſt the 
eaſt. In theſe ſeas Dr. Halley obſerved, that when the wind was 
eaſtward, the weather was gloomy, dark, and rainy, with hard 
gales of wind ; but when the wind veered to the ſouthward, the 
weather generally became ſerene, with gentle breezes next to a 
calm. 

Theſe winds are ſomewhat changed by the ſeaſons of the year; 
for when the ſun is far northward, the Brazil S. E. wind gets to the 
ſouth, and the N. E. wind to the eaſt; and when the ſun is far 
ſouth, the S. E. wind gets to the eaſt, and the N. E. wind on this 
ſide of the equator veers more to the north. 

Along the coaſt of Guinea, from Sierra Leon to the iſland of 
St. Thomas, under the equator, which is above 500 leagues, the 
ſoutherly and S. W. winds blow perpetually ; for the S. E. trade 
wind having paſſed the equator, and approaching the Guinea coat, 
within 80 or 100 leagues, inclines towards the thore, and becomes 
S. S. E. then ſouth, and by degrees, as it comes near the land, it 
veers about to S. S. W, and within the land it is S. W. and fome- 
times W. 8. W. This track is troubled with frequent calms, and 
violent ſudden guſts of wind, called Tornadoes, blowing from all 
points of the horizon. 

The reaſon of the wind ſetting in weſt on the coaſt of Guinea 
is, in all probability, owing to the nature of the coaſt, which being 
greatly heated by the ſun, rarehes the air exceedingly, and conſe- 

uently the cool air, from off the ſea, will keep ruſhing in to re- 
* v6 the equilibrium. | | 

Between the 4th and 10th degrees of north latitude, and between 
the longitude of Cape Verd and the eaſtermoſt of the Cape Verd 
Iſlands, there is a tract of ſea which ſeems to be condemned to per- 
petual calms, attended with terrible thunder and lightnings, and 
ſuch frequent rains, that this part of the ſea is called The Rains, 
Ships in ſailing theſe 6 degrees have been ſometimes detained whole 
months, as is reported. | 

The cauſe of this ſeems to be, that the weſterly winds ſetting in 
on this coaſt, and meeting the general eaſterly winds in this track, 
balance · each other, and ſo cauſe the calms; and the vapours carried 
thither by each wind meeting and condenſing, occaſion the almoſt 
conſtant rains, | 

The laſt three obſervations ſhew the reaſon of the two following, 
which mariners experience in ſailing from Europe to India, and 
in the Guinea trade. The difficulty which ſhips in going to the 
ſouthward, eſpecially in the months of July and Auguſt, find in 
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ng between the-coaſts of Guinea and Brazil, notwithſtanding 
the width of this ſea is not more than 500 leagues : This happens be- 
cauſe the S. E. winds at that time of the year commonly extend 
ſome degrees beyond the ordinary limits of 4* N. latitude ; and 
beſides, coming ſo much ſoutherly, as to be ſometimes ſouth, ſome- 
times a point or two to the welt : it then only remains to ply to 
windward. And if on the one fide they ficer W. S. W. they get 
a wind more and more eaſterly ; but then there is danger of falling 
in with the Brazilian coaſt, or ſhoals ; and if they ſteer E. S. E. 
they fall into the neighbourhood of the coaſt of Guinea, from whence 
they cannot depart without running eaſterly as far as the ifland 
of St. Thomas ; and this is the conitant practice of all the Guinea 
ſhips. 

Al ſhips departing from Guinea for Europe, their direct courſe 
is northward ; but on this courte they cannot go, becauſe the coaſt 
bending nearly eaſt and weft, the land is to the northward ; there- 
fore as the winds on this coaſt are generally between the S. and W. 
S. W. they are obliged to ſteer 8. S. E. or S. and with theſe 
courſes they run off the ſhore; but in ſo doing they always find 
the wind more and more contrary, ſo that when near the ſhore they 
can lie ſouth ; at a great diſtance they can make no better than S. E. 
and afterwards E. 8. E. with which courſes they generally fetch the 
iſland of St. Thomas, and Cape Lopez, where, finding the winds to 
the eaſtward of the fouth, they fail weſterly with it, till coming to 
the latitude of four degrees ſouth, where they find the S. E. wind 
blowing perpetually. | 

On account of theſe general winds, all thoſe that uſe the Weſt- 
India trade, even thoſe bound to V irginia, reckon it their beſt courſe 
to get as ſoon as they can to the ſouthward, that ſo they may be 
certain of a fair and freſh gale to run before it to the weſtward ; and 
for the ſame reaſon thoſe homeward bound from America endeavour 
to gain the latitude of 30, where they firſt find the wind begin to 
be variable, though the moſt ordinary winds in the North Atlaatic 
ocean come between the fouth and weft. 

Between the ſouthern lats. of 10 and 30? in the Indian ocean, 
the general trade-wind about S. E. by S. is found to blow all the year 
round in the ſame manner as in the like lats. in the Ethiopie Ocean, 
and during the ſix months, from May to December, theſe winds 
reach to within 20 of the equator ; but during the other ſix months, 
from November to June, a N. W. wind blows in the track lying 
between the 3d and 1oth degrees of ſouthern lat. in the meridian of 
the north end of Madagaſcar; and between the 2d and 12th de- 
grees of ſouth lat. near the long. of Sumatra and Java. 

In the track between Sumatra and the African coaſt, and from 
3* of S. lat. quite northward to the Aſiatic coaſt, including the 
Arabian fea and the gulph of Bengal, the monſoons blow from Sep- 


tember to April on the N. E. and from March to October 2 the 
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S. W. In the former half year, the wind is more ſteady and gen- 
tle, and the weather clearer than in the latter fix months: and the 
wind is more ſtrong and ſteady in the Arabian ſea than the Gulf 
of Bengal. 

Between the iſland of Madagaſcar and the coaſt of Africa, ang 
thence northward as far as the equator, there 1s a track wherein, 
from April to October, there is a conſtant freſh S. S. W. wing, 
which, to the northward, changes into the W. S. W. wind blowing 
at that time in the Arabian ſea. 

To the caſtward of Sumatra and Malacca, on the north of the 
equator, and along the coaſts of Cambodia and China, quite through 
the Philippines as far as Japan, the monſoons blow northerly and 
ſoutherly ; the northern ſetting in about October or November, and 
the ſouthern about May. Theſe winds are not quite ſo certain as 

thoſe in the Arabian Sea. 

Between Sumatra and Jaya to the weſt, and New Guinea to the 
eaſt, the ſame northerly and ſoutherly winds are obſerved ; but the 
firſt half year the monſoons incline to the N. W. and the latter 
to the S. E. Theſe winds begin a month or fix weeks after thoſe 
in the Chineſe ſeas ſet in, and are quite as variable. 

Theſe contrary winds do not ſhift from one point to its oppoſite 
all at once; in ſome places the time of the change is attended with 
calms, in others by variable winds; and it often happens on the 
ſhores of Coromandel and China, towards the end of the monſoon, 


that there are moſt violent ſtorms, greatly reſembling the hurricanes 


in the Weſt-Indies, wherein the wind is ſo vaſtly ſtrong, that hardly 
any thing can reſiſt its force. 

All navigation in the Indian ocean muſt neceſſarily be regulated 
by thoſe winds ; for if mariners ſhould delay their voyages till the 
contrary monſoon begins, they muſt either fail back, or go into har- 
bour, and wait for the changing of the trade winds. 

Vapours riſing from the ſea, and by the wind carried over low 
lands to the ridges of mountains, and compelled to mount up with 
the ſtream of the air to the tops, where the water preſently precipi- 
tates, gleeting down by the chinks and cliffs of the ſtones, and part 
of the water entering into the caverns of hills, and gathering into 
baſons, which being once filled begin to run over, and form ſubter- 
raneous paſſages through the earth, breaking out in ſprings by the 
ſides of hills; ſeveral of thoſe meeting together form rivulets ; ſe- 
veral of theſe rivulets meeting together make a river. This, to- 
gether with what is incorporated into vegetables, renders it impoſſi- 
ble for all the water evaporated from the ſea to return to it again. 

Hence the evaporations ariſing from the Mediterranean are ſuch, 
that notwithſtanding there are ꝙ capital rivers, which empty them- 
ſelves into it, beſides ſmaller ones, there is a conſtant current run- 
ning through the Straits of Gibraltar from the Atlantic ocean, to 
make up the deficiency. R. Mean, M. D. and F. R. 8. 2 
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1. That ſome diſeaſes are properly the effects of the influence of the 
heavenly bodies. 2. That the moſt windy ſeaſons of the year are 
about the vernal and autumnal equinoxes. 3. All the changes we 
have enumerated in the atmoſphere do fall out at the ſame times 
when thoſe happen in the ocean, and, as both the waters of the 
ſea and the air of our earth or fluids are ſubject in a great meaſure 
to the ſame. laws of motion, ſo that natural effects of the fame kind 
are owing to the ſame cauſes; 4. The alteration made by the ſun 
and moon in the atmoſphere muſt thereby have influence on the 
animal body. 5. The elaſticity of the air is of great moment, and 
it is reciprocally as the preſſure, ſo that the incumbent weight be- 
ing diminiſhed by the attraction, the air underneath will be much 
expanded; theſe, and ſuch like cauſes, will make the tides in the 
air to be much greater than thoſe of the ocean; and there is no doubt 
to be made, but that the ſame infinite wife Being, who contrived 
the flux and reflux of the ſeas, to ſecure that vait collection of 
waters from ſtagnation and corruption, has ordered this ebb and 
flood of the air of our atmoſphere with the like good deſign; that is, 
to preſerve it ſweet, and a briſk temper ot this fluid fo neceſſary 
to life, by a continual circulation. 6. Two contrary winds blow- 
ing towards the ſame place, may accumulate the air there, ſo as 
to increaſe the height and the weight of the incumbent cylinder; 
in like manner the direction of two winds may be ſuch, as meeting 
at certain angles, may keep the gravity of the air in a middle ſtate; 
but if the wind blow different ways from the ſame place (which 
may be occaſioned by thunder and lightning) the height and 
weight of the air may be much decreaſed, 7. The changes in our 
atmoſphere at high water, new and full moon, the equinoxes, &c. 
muſt occaſion alterations in all animal bodies, for all living crea- 
tures require air of a determined gravity to perform reſpiration 
calily ; for it is by its weight that this fluid infinuates itſelf into the 
cavity of the breaſt and lungs : By a flow circulation the ſecretion 
of the ſpirits is diminiſhed ; and, by the want of the force of elaſ- 
ticity and gravity, the juices begin to ferment, change the union of 
their parts, break their canals, and diſcaſes follow. 

Beſides the above cauſes, the atmoſphere may be put in motion 
by the elaſtic vapours forced from the bowels of the earth by ſub- 
terraneous heats, and condenſed by whatever cauſes in the atmoſ- 
phere. A mixture of efluvia in different qualities in the air may, 
by rarefaction, fermentation, &c. produce winds and other effects 
like thoſe reſulting from the combination of ſome chymical liquors ; 
and that ſuch things happen, we are aſſured from the nature of 
thunder, lightning, and - meteors. From the eruption of volca- 
noes and earthquakes in diſtant. places, wind may be propagated 
to remoter countries. The divided or wnited forces of the other 
planets, and of the comets, may variouſly diſturb the influence of 
the ſun and moon, &c. We know that there happen violent 
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tempeſts in the upper regions of the air, when we below enjoy 2 


calm, and how many ridges of mountains there are on our globe 
which interrupt and check the propagation of the winds, ſo that it 
is no wonder that the phænomena we have aſcribed to the action cf 
the ſun and moon are not always conſtant and uniform, and that 
every effect does not hereupon follow : which, were there no other 
powers in nature able to alter the influence of, this might in a very 
regular and uniform manner be expected from it. 

That the rarefied air aſcends is ſufficiently demonſtrated by the 
aeroſtatic globe, or air balloon, lately invented; this is a globe 
made of filk, or other light ſtuff, made air tight with gum ; which 
being filled with inflammable or rarifed air, will, when let looſe, 
aſcend until it comes to that part of the atmoſphere that is nearly as 
light as the air within it, where it will continue ſome time, 

Some of theſe globes have been made ſo large as to carry up meh 
with them, as have frequently been ſeen in Britain, France, and other 

arts. 
. Nor. The ſwiftneſs of wind in a great ſtorm is not more than 
50 or 60 miles in an hour, and a common briſk gale is about 15 
miles an hour, 


Os TIDES. 


. E is that motion of the water in the ſeas and rivers, by 
which they regularly riſe and fall: the general cauſe of which 
was diſcovered by Sir Is AAc NRW TON, and is deduced from the fol- 
lowing conſiderations: Daily experience ſhews, that all bodies, 
when thrown upwards from the earth, fall down to its ſurface in 
perpendicular lines; and as lines perpendicular to the ſurface of any 
ſphere tend towards its centre, the lines, along which all heavy 
bodies fall, muſt be directed towards the earth's centre. 

As bodies appear to fall by their weight or gravity ; the law, by 
which they deſcend, is called the law of gravitation: and as a mag- 
net or loadſtone will draw ſmall portions of iron or ſteel, and as a 
piece of glaſs, amber, or ſealing-wax, when wazmed by rubbing, 
will draw ſmall bits of paper and other light 3 the law, 
by which ſuch bodies fly to thoſe which draw them, is called the 
law of attraction. Hence it is not improper to ſay, that 2 
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1 when falling by their gravity towards the earth, are attracted by the 
e earth; and therefore, the words gravitation and attraction may, re- 
t ſpecting the earth, be uſed indifferently, as by them is only meant 
f that power, or law, by which all bodies tend towards its centre. 
Sir ISAAC diſcovered, by a great number of obſervations, that this 
. law of gravitation or attraction was univerſally diffuſed throughout 
7 the ſolar ſyſtem ; and that the regular motions, obſerved among 
the . bodies, were governed by it; fo that the earth and 
moon attract each other, and botl: of them are attracted by the 
ſun, He alſo diſcovered, that the force of attraction, mutually 
exerted by theſe bodies, was leflened as the diſtance increaſed, in 
proportion to the ſquares of thoſe diſtances; that is, the power of 
attraction, at double the diſtance, was four times leſs ; at triple the 
diſtance, nine times leſs ; at quadruple the diſtance, ſixteen times 
leſs, and fo on. x? 

As the earth is attracted by the ſun and moon, it follows, that all 
the parts of the earth will not gravitate towards its centre in the 
ſame manner as they would do, if thoſe parts were not affected by 
ſuch attractions. And it is evident, that were the earth entirely free 
from ſuch actions of the ſun and moon, the ocean, being on all ſides 
equally inclined towards its centre by the force of gravity, would con- 
tinue 1n a perfect ſtagnant ſtate, without ever ebbing or flowing. 
But, as the caſe is otherwiſe, the water in the ocean muſt needs rife 
higher in thoſe places where the ſun and moon diminiſh its gravity, 
or where they have the greateſt attraction. | 

As the force of gravity mult be diminiſhed moſt, in thoſe parts of 
the earth to which the moon is neareſt, or in the zenith, becauſe her 
attraction will there be moſt powerful; therefore the waters, in ſuch 
places, will riſe higher, and it will in them be full ſea or high- 
water. The parts ot the earth directly under the moon, and alſo 
thoſe in her nadir, viz. ſuch places as are diametrically oppoſite 
to thoſe where the moon is in the zenith, will have high-water at 
the ſame time. For either half of the earth would gravitate 
equally towards the other half, were they free from all external 
attraction. But, by the action of the moon, the gravitation of one 
half of the earth towards its centre is diminiſhed, and that of the 
other increaſed. In the half-earth next the moon, the parts direct. 
ly under her being moſt attracted, and conſequently their gravita- 
tion towards the earth's centre moſt diminiſhed, the waters in theſe 
parts muſt be higher than in any other part of this half-earth. And 
in the half-earth, fartheſt from the moon, the parts in the nadir 
being leis attracted by her than thoſe which are nearer, gravitate leſs 
towards the earth's centre, and conſequently, the waters in thoſe 
o_ muſt be higher than they are jn any other part of this half. 
earth. 

Thoſe parts of the earth where the moon appears in the horizon, 
g is 90 degrees diſtant from the zenith and nadir, will have their 
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loweſt waters, For as the waters in the zenith and nadir riſe at 
the ſame time, the adjacent waters will preſs towards thoſe places 
to reſtore the equilibrium; and, to ſupply the places of theſe, 
others will move the ſame way, and fo on to 90 diſtant from che 
ſaid zenith and nadir ; conſequently the waters, in thoſe places 
where the moon appears in the horizon, will have molt liberty to 
deſcend towards the centre; and therefore they will, in ſuch places, 
be the loweſt. Hence it plainly follows, that the occan, if it co. 
vered the ſurface of the earth, would put on a ſpheroidal, or egg. 
like figure; in which the longeſt diameter would paſs through the 
place where the moon is vertical; and the ſhorteſt where the is in 
the horizon. And as the moon apparently ſhifts her polition from 
caſt to welt in going round the earth every day, the long diameter 
of the ſpheroid, following that motion, would occaſion the two 
floods and ebbs in about every 25 hours, which is about the length 
of a lunar day, or the time ſpent between the moon's leaving the 
meridian of any place, and her coming to it again. Hence, the 
greater the moon's meridian altitude is at any place, the greater wil! 
thoſe tides be which happen when ſhe is above the horizon ; and the 
greater her meridian depreſſion is, the greater will thoſe tides be 
which happen when ſhe is below the horizon. The ſummer day, 
and the winter night tides, have a tendency to be higheſt ; becauſe 
the ſun's ſummer elevation, and his winter depreſſion are greatelt : 
this is more eſpecially to be obſerved when the moon has north de- 
clination in ſummer, and ſouth declination in winter. 

The time of high-water is not preciſely at the time of the moon's 
coming to the meridian, but about an hour after. For the moon 
continues to act with ſome force after ſhe has paſt the meridian, and 
by that means adds to the libratory, or waving motion, which ſhe 
put the water into whilſt ſhe was on the meridian; in the fame 
manner as a ſmall force applied upwards to a ball, already raiſed to 
ſome height, will raiſe it ſtill higher, The tides are greater than 
ordinary twice every month ; that is, about the times of new and 
full moon: they are called ſpring-tides. At theſe times the ſun 
and moon concur to draw in the ſame right line; and therefore the 
ſea muſt, under ſuch joint influence, be more elevated than at other 
times, During the time of their conjunction, or whilſt they are on 
the ſame fide of the earth, they both conſpire to raiſe the water in 
the zenith, and conſequently in the nadir; and when the ſun and 
moon ate in oppoſition, that is, when the earth is between them, 
whilſt one makes high-water in the zenith and nadir, the other does 
the ſame in the nadir and zenith. The tides are leſs than ordinar 
twice every month ; that is, about the times of the firſt and | 
quarters of the moon; theſe are called neap-tides : becauſe in the 
quarters of the moon, the ſun raiſes the water where the moon de- 
preſſes it, and depreſſes where the moon raiſes the water; ſo that the 
tides are then cauſed only by the difference of their actions. Hence 
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it is neceſſary to obſerve, that the ſpring-tides happen not exactly at 
the new and full moons, but generally three days atter, when the 
attracting powers of the ſun and moon have conſpired for a conſi- 
derable time. In like manner the neap-tides happen about three 
days after the quarters, when the moon's attraction has been leſſened 
by that of the ſun for ſeveral days together, 

When the moon is in her perigæum, or neareſt approach to the 
earth, the tides riſe higher than they do, under the fame circum- 
ſtances, at other times ; for, according to the laws of gravitation, 
the moon muſt attract moſt, when ſhe is neareſt the earth. The 
ſpring- tides are greater about the time of the equinoxes, that is 
about the latter end of March and September, than at other times 
of the year; and the neap-tides are then Jeſs ; becauſe the longer 
diameter of the ſpheroid, or the two oppoſite floods, being then in 
the earth's equator, will deſcribe a great circle of-the earth ; by the 
diurnal rotation of which thoſe floods will move ſwifter, deſcribing 
a great circle in the ſame time they uſed to deſcribe a leſs one, paral- 
el to the equator ; and conſequently the waters being thrown more 
forcibly againſt the ſhores, muſt cauſe them to riſe higher. 

The following obſervations have been made on the rife of the 
tides: namely, the morning tides generally differ in their riſe from 
the evening tides. The new and full moon ſpring-tides rife to dif- 
ferent heights. In winter the morning tides are higheſt. In ſum- 
mer the evening tides are higheſt, Thus it appears, that, aſter a 
period of about 11x months, the order of the higheſt tides are inverted; 
that is, the riſe of the morning and evening tides will-change places, 
the winter morning high-tides becoming the ſame as the ſummer 
evening high-tides. Some of theſe effects ariſe from the different 
diſtances of the moon from the earth after a period of fix months, 
when ſhe is in the ſame ſituation with reſpect to the ſun; for, if ſhe 
be in perigee at the time of the new moon, ſhe will, in about fix 
months aher, be in perigee about the time of full moon. Theſe 
particulars being well known, a pilot may chuſe that time which 
will prove — convenient for conducting a ſhip out of any port, 
_—_ there is not a ſufficient depth of water on common ſpring- 
tides, 

Small inland ſeas, ſuch as the Mediterranean and Baltic, are 
little ſubject to tides ; becauſe the action of the ſun and moon is 
always nearly equal to the extremities of ſuch ſeas. The tides, in 
very high latitudes alſo, are very inconſiderable: for the ſun and 
moon acting towards the equator, and always raiſing the water to- 
wards the middle of the torrid zone, the neighbourhood of the poles 
muſt conſequently be deprived of the waters, and the ſea, within the 
frigid zones, muſt be low in compariſon to the other parts. 

All the things hitherto explained would be exactly obtained, were 


the whole ſurface of the earth covered with ſea. But ſince there are a 
7 multitude 
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multitude of iſlands, besides continents, lying in the way of the tide 
which interrupt its courſe ; therefore there ariſe, in many places near 
the ſhores, a great variety of other appearances, beſides the foregoin 

ones, which require particular ſolutions, in which the ſituations gf 
the ſhores, ſtraits, ſhoals, winds, and other things, mult neceſſarily 
be conſidered. For inſtance ; as the ſea has no viſible paſſage between 
Europe and Africa, let them be ſuppoſed one continent, extendin; 

from 79“ north, to 34“ ſouth : the middle of thoſe two would be 
in latitude 19 degrees north, near Cape Blanco, on the weſt coaſt of 
Aſrica, But it is impoſſible the flood tide {ſhould ſet to the wet. 
ward, upon the weſtern coaſt of Africa, (for the general tide fol. 
lowing the courſe of the moon, muſt ſet from eaſt to weſt) becauſe 
the continent for above 609, both northward and ſouthward, bounds 
that ſea on the eaſt ; and therefore if any regular tide procecding from 
the motion of the ſea from eaſt to weſt ſhould reach this place, it 
muſt be either from the North of Europe ſouthward, or from the 
South of Africa northward. 

This opinion is further corroborated, or rather fully confirmed, by 
common experience, which ſhews that the flood-tide ſets to the 
ſouthward along the weſt coaſt of Norway from the North Cape 
to the Naze, or entrance of the Baltic Sea, and fo proceeds to the 
ſouthward along the eaſt coaſt of Great Britain, and in its paſlage 
ſupplies all thoſe ports which lie in its way one after another. The 
coaſt of Scotland has the tide firſt, becauſe it comes from the north. 
ward to the ſouthward. On the full and change days, it is high- 
water at Aberdeen at 12 h. 45 m. but at I inmouth-bar not till 3h, 
Rolling thence to the ſouthward, it makes high-water at the Spurn 
2 little after 5 h. at Yarmouth Roads a little after 8 h. at Harwich at 
10h. 30 m. at the Nore 12h. and at London 2h. 30 m. all in the 
ſame day. And although this may ſeem to contradict the hypo- 
theſis of the natural motion of the tides being from eaſt to welt, yet 
as no tide can come weſt from the main continent of Norway or 
Holland, it is evident that the tide we have been tracing, by its 
ſeyeral ſtages from Scotland to London, is ſupplied by that tide, the 
original motion of which is from eaſt to weſt, As water always in- 
clines to the level, it will in its paſſage fall to any other point of the 
compals, to fill up vacancies where it finds them; and yet not con- 
tradict, but rather confirm the hypotheſis. 

While the flood tide is thus gliding to the ſouthward along the 
eaſt coaſt of England, it alſo ſets to the ſouthward along the welt 
coaſts of Scotland and Ireland ; one branch of it falls back north- 
eaſt into St. George's Channel; and another runs between Uſhant 
and the Lizard, into the Britiſh Channel. Some may object that 
this courſe of the flood-tide, eaſt up the Channel, is quite contrary 
to the hypotheſis of the general motions of the tides being from eaſt 
to weſt; and conſequently of its being high-water where the moon 
is vertical, or any where elſe on the meridian, But it may be an- 
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(wered, that this particular direction of the tides does not contradict 
the general direction of the whole. A river with a weſtern courſe 
may ſupply canals which wind north, ſouth, or even eaſt, and yet 
the river keep its natural courſe ; and if the river ebbs and flows, 
the canals ſupplied by it would alſo do the ſame, although they did 
not keep exact time with the river ; becauſe it would be flood, and 
the water advanced to ſome height in the river, before it reached the 
fartheſt part of the canals; and the more remote the extremity. of 
the canals are, the longer time it would require: it may alſo be 
added, that if it were high-water in the river juſt when the moon 
was on the meridian, ſhe would be far paſt it before it could be high- 
water in the remoteſt part of thoſe canals; and the flood would ſet 
according to the courſe of the canals that received it, and could not 
ſet weſt upon a canal of a different poſition. As St. George's Chan- 
nel, the Britiſh Channel, &c. are no more in proportion to the vaſt 
ocean, than ſuch canals would be to a large navigable river; it will 
evidently follow, that the flood-tide may, among thoſe obſtructions 
and confinements, ſet upon any other point of the compals, as well 
as welt ; and may make high water at any other time, as well as 
when the moon is upon the meridian, without any wiſe contradicting 
the general theory of the tides. 

Among pilots it is cuſtomary to reckon the time of high-water 
by the point of the compaſs the moon bears on at that time, allow- 
ing three quarters of an hour for each point. Thus, in places 
where it is high-water at noon, on the full and change days the 
tide is ſaid to low north and ſouth, or 12 o'clock. In places where 
the moon bears 1, 2, 3, 4, or more points to the eaſtward or weſt- 
ward of the meridian, when it is high-water on ſuch days, the tide 
is faid to low on ſuch a point; ſo, if the moon bear ſouth-eaſt at 
high-water, it is ſaid to flow ſouth-eaſt and north-weſt, or 9 
o'clock ; if ſhe bears ſouth-weſt, it lows ſouth-weſt and north-eaſt, 
ol 3 o'clock ; and in like manner for every other point of the moon's 

ring. 

From the obſervations of many perſons, the times of high-water 
on the days of the new and full moon on moſt of the coaſts of Eu- 
rope, and ſeveral other places, have been collected; and thoſe are 
generally put in a table, againſt the names of their reſpective places, 
in an alphabetical order; hence it is called the tide-table. 

The method generally preſcribed for finding the time of high- 
water at any place, is contained in the following particulars : 


To find the Leap-Year. 
Divide the given year by 4, if nothing remains it is leap-year, 


but if x, 2, or 3 remains, they ſhew that it is ſo many years after 


extile, or leap-year, as the remainder is: thus, in the year 1796 
6 divided 


r rr Eo whore . %— * 4 4... 
_ — — - 
-> * 2 


— — — — — — 


- - * — 
— — 


— : 


| 


— = — 2 — 
——— — rd 2 F- 


> 
136 OF TIDES. 


divided by 4, gives 449, and the remainder is (o) ſhews it is 1-2. 
ear. 
g To find the Golden Number for any Year. 
RuLE. Add one to the given year, and divide the ſum by 1), 
the remainder will be the golden number, 


EXAMPLE, 
Required the Golden Number of 1796 ? 
By adding one to that year, it gives 1797, this divided by 19, gives 
94 for the quotient, and the remainder is 11, the golden number for 


1796. 
To find the Epact for any Year. 


Norte. The Epact is the moon's age at the beginning of the 
year, or rather the firſt of March. The Epact advances 11 every 
year, to 3O, becauſe the ſolar year is 11 days longer than the lunar 
2 and as the Epact increaſes, it ſhews the moon's age at the 

ginning of the year; it is here ſuppoſed, that at the end of 19 
years, the fun and moon make all the variety of ſituations they 
poſſibly can with one another, and thence begin, and go over the 
ſame again. The golden number at the birth of Chriſt was 1, which 
is the reaſon that one is added to the given year, to find the golden 
number. 

Rur E. Divide the given year by 19, the remainder multiply by 
11, and the product will be the Epact, if it does not exceed 29 ; but 
if it does, ſubtract 3o from it as often as you can, and the remain- 
der will be the Epact, for it never exceeds 29. 


EXAMPLE. 
What is the Epact f the Year 1796 ? 


1796 divided by 19, gives 94, and the remainder 10 multiplied by 
T1, gives 110; this divided by 30, gives 3, and the remainder is 20; 
which is the Epact for 1796. 


To find the Moon's Age. 


To the Epact add the days of the month, and the Epact, or num- 
ber for the month; the ſum, if does not exceed 30, is her age; but 
if it does, ſubtract 30 from it as often as you can, and the remainder 
is her age. | 

NoTE. The Epact, or number for each month, is found thus: di- 
vide the number of days contained between the firſt of January and 
the firſt day of any month, by 294, the remainder will be the num- 
ber for that month. 

Required the Number or Epact for Sept. 1796 ?——4r/. 7, 5. 

The number of days contained between the firſt of January, 1799, 
and firſt of Sept. are 244 days, divided by 294, gives 8 for the quo- 
tient, and 8 for the remainder, which is the number ſought ; and ſo 
for any other month, 


EXAMPLE- 


CF TIDES, 137 
EXAMPLE, 


Required the Moon's Age, April 29, 1796. 
Day of the month 29 
Epact for the month 20 
Number for the month 3 


22 Moon's age, 


Numbers for the months are nearly as follows : 
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. OA. Nov. Dec. 
Ss 2 0 1 2 4 ͤ ©5 Res 
RR oo 232-33 5 5: 3 ee an 


To find the Moon's Southing on any Day of ber Age. 

Since the ſun returns to the meridian he has left in the ſpace of 
24 hours, and the moon in about 24 hours 49 minutes ; therefore, 
if the moon leaves the meridian at the ſame time that the ſun does, 
on any day, the next day the will come to the meridian 49 minutes 
after him, falling back about 49 minutes every day; whence to 
find the time of the moon's ſouthing, or coming to the meridian on 
any day, we have this ealy RULE : 

ultiply the day of her age by 49, and divide the product by 60, 
the quotient is the hours, and the remainder the minutes afternoon 
when ſhe ſouths. Or, which is rather eaſier, and in many reſpects 


. ſufficiently exact for the mariner's purpoſe ; multiply the moon's age 


by 4, and divide the product by 5, the quotient is the hours, and the 
remainder multiplied by 12, gives the minutes afcernoon when ſhe is 


upon the meridian ; but if this time exceeds 12, ſubtract 12 hours 
from it, and the remainder is the time of her ſouthing in the 
morning. - . 

N. B. From the full moon to the change ſhe comes to the meri- 
dian, or ſouths, in the morning; but from the change to the full, 


in the aſternoon. 


—— 
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EXAMPLE. 
Required the Moon's Southing, Aug. 25, 1796 ? 


The epact is 20 Or thus, 22 
Number for the month is 7 4 
Day of che month 25 — 
— — 5) 88 
3005207 1 
30 Moon's ſouthing 17 36 
— 12 09 
Moon's age 22 — 
49 5 36 
198 5 
88 
6,0) 10%, 8 
Moon's ſouthing 17,58 afternoon 
Subtract 12 
Moon's ſouthing 5 58 in the morning. 


Hence it appears, that the moon comes to the ſouth at 58 minutes 
after 5 in the morning. 


To find the Time of High Water on any Day of the Moon's Ave at 


ary Place. 


From the obſervations of many perſons, there have been collected 
the times when it is high water on the days of the new and full 
moon, on moſt of the ſea coaſts of Europe, and of ſeveral other 
places, and theſe times are commonly put in a table againſt the 
names of the places in an alphabetical order, for which reaſon, it is 
called the ide Fable: but in this treatiſe, the times of high water 
at full and change days are ſet down aſter the latitude and longitude 
of each place, in the table of latitudes and longitudes of places. 

Rol E. To the time of the moon's ſouthing on the given day, 
add the time of high water at the full and change at the given place, 
taken from the table; the ſum is the hour pait noon on the given 
day when it is high water at that place; and if this hour exceeds 
12, ſubtract 12 from it, and the remainder ſhews the time of high 
water in the morning; but if it exceeds 24, ſubtract 24 from it, 
and the remainder ſhews the time of high water in the afternoon, 


Ex Aurrr 


EXAMPLE I. 


Water at London, Augult 2 55 


1796 ? 


The epact 20 
Num. of month 7 
Day of month 25 
52 
dubtract 30 
Moon's age 22 
n by 4 
58803 
17236 
Time at London 3 


be 


Afternoon 20 36 
Subtract 12 


Morning 8 36 


So that it is high water 36 minutes after eight 
in the morning at London. Morning 
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- ExamPLE II. 
At what Time will it be High Required the Time of High 
Water at Dover, October 12, 


1796? 


19)1796)94 


171 


— 2 


86 
76 
10 
11 
30) 1003 
90 


Epact 20 
Num of month 9 
Day of month 12 
41 
30 


Moon's age 11 
- 


60)539(8 
480 


59 


Moon's ſouthing 8 59 
Time at Dover 10 30 


Afternoon 19 29 
Subtract 12 


— — 
* 


i= 


S 2 
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Required the Time ef High Water at the Start Point, Jan. 2, 1796? 
EXAMPLE. 


Epact 20 
Day of month 
Num. of month 0 
Moon's age 23 
4 
5792 
Moon's ſouthing 18 24 
Time at Start 6 
24 24 
24 


H. W. afternoon oo 24 


Hence it appears, that it is high water at the Start at 24 minutes 
in the afternoon. 


Coming into a Port and finding that it is High Water at a certain Hour, 
to know when it is High Vater there on Full and Change Days. 


 RuLE. Find the time of the moon's ſouthing on that day, and 
ſubtract from it the time of high water at the given place, if you can, 
and the remainder will be the time of high water on the full and 
change days of the moon; if you cannot, add 12 hours to it, and 
ſubtract the above time from the ſum; the remainder will be the 


time of high water at that port on the full and change days. 


This is the method of finding the time of high water inſerted in 


common books of navigation, which, at times, will give the moon's 
age, whole days, and the time of ſouthing, and of high water, hours 
wide of the truth; and even it the moon's ſouthing be exactly found, 
yet the tides may differ leſs or more from the computed time; for 
the floods do not always happen at the ſame diſtance of time from 
each other, but at different diſtances, according to the times of the 
moon's age, and her aſpect with reſpect to the ſun; or as the waters 
are ated upon by the ſum or difference of the attractive forces of the 
ſun and moon, and alſo on account of winds and ſtorms, even when 
out of hearing, which greatly affected the tides, the real time of 
high water at any place will often differ from the computed times; 
therefore pilots, and all concerned, would do well to ule the follow- 
ing method, which will in general give the time of high water within 


half an hour of the truth, when the tides gre not greatly influenced 
by the wind, 


A TABLE 


zol den Nun. 


0 


2848 


— 


e WES une joy e gu 


— 
-» 


1 


14 
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or the readily finding the Day of the Month the New Moon will 
ATABLE free 1900, * — the Moon's Age for any Day, by 
Wall on the Golden Number, according to the Method commonly uſed for 
baue Moon's Age.— Add 1 to the given Year, and divide the Sum by 19, 
mY der will be the Golden Number, which being marked with a Pen- 
148. top of the Table, will ſhew the Golden Number during that Tear. 
cl 


| | ** af 
- .. Ap. 11 Jun 10 Au. Sept. Oci. Mop. Dee Times Ans. 
- # 5 * 
; 746 30 ; IM 
_—— | High Water 
- | | later each 
= IIs ul vale e MIN MN MN MIN MjJN MN MJN MIN M Day after the 
v || | New andFall 
| Moous. 
12928 29 2827 26 |25|24| 2 | 22 | 20+] 20 
— 3 FR” OP Daysſ[H. M. 
2161719771615 13 121 11110 9 
8 EE 110 44 
ell 61 7) 5] 3} 3] 3] 2 l. 300 3 8 | : . = 
3 "44-2 
all os | 25 [27 | 25 | 25 [| 23 22 | 20 | 19 |} 18 | 17 | 17 | &.1$- i 
—.— 6 13 40 > 
1 2 
3115141615 14 | 13 1101 SL SG. . > — : 
5 N | Q 50 NY 2 25 | 25 9 6 4 = 
6 4] 3j 5] 3 3 | 116300 222725 * 
1 — 1 us 8 8 
| 231 2222 21 201987161514 I3 | — — 
* D Os —\ 14 111 16 
1012 10 f 10 8] 8] 6] 5] 4] 3] 3ſſ l 12 
2 85 : 3 LIN 
| 9111— 1] 29] 29 | 27 | 2 25 | 24 | 23] 22 || 21 17 | 1 — 
— 1812 8 
10 20 1820191871615 13113111192 40 
a — = 90 163 
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11 9| 8| 8 F331 #7. 4 4| 2 1 | 29 2 || 22|4.36 * 
— Ou e 12313 22 8 
— e e | 37 18 > 
- 2 7 || 26 | 8 WL 
15531 | 10 9 | EAI 
5 ! ES 
>| 4] 3| 21.30 2928 27 2629 1 32 
— — — 201 12 
22 22 2020 19 1717 1515 From the Change 
— 1 to the Full, the 
1211111019 8 EVP | + 4 || Moon comes to the 
* —— SENSE FORDS Meridian in the 
F „ \Atterngon 3 and 
1 11.30] 29 | 28 | 27 | 25 25 | 2322 rom the Full to the 
4 at — ——"|Chunge, she comes 
20 | 20 | 18 | 18: |] 16 | 15 | 14 | 131 38 je the Meridiar: 
We 4 0 takes ſattet Midnight. 
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The Uſe of the foregoing Table. 
To find the moon's age on any given day, look in the firſt co. 


lumn-(marked Golden Num.) for the golden number, and under th. 
month, on the ſame line, ſtands the day of the new moon; then count 
the days which have completely paſſed ſince the laſt change, aud they 
will be her age on the given day. 


To find the Time of High IWater. 


Look for the moon's age in the table of times, and the hours and 
minutes oppoſite to which being added to the time of high water, on 
the change and full days, at any place, will, if it does not exceed 12 
hours, give the time of high water there in the afternoon of the 
given day; but if it does exceed that number, take 12 from it, and 
the reinainder will ſhew the time of high- water in the morning, 


ELAMPLET TI. 
At what time will it be High Mater at London, April 29, 1796? 


Oppoſite i the golden number, and under April, I find it was 
new moon the 7th day; and reckoning forward to April 29, gives 
22 days for the moon's age. | 

Againſt 22, in the table of times, ſtand 4 hours 36 minutes, to 
which add 3 hours, the time of high water at London on the full 
and change days, and that gives 7 hours 36 minutes, the time of 
high water at London in the morning; diftering one hour from that 
found in the firſt example by the common method. 


EXAMPLE II. 

Required the Fime of High Water at Dover, October 12, 1796? 

Oppoſite to 1 1 the golden number, and under October, I find it 
was new moon the 11t day; reckoning forward to October 12, l 
find the moon's age is 11 days; againſt 11 in the table of times 
ſtand 8 hours and 8 minutes. This added to 10 hours 30 minutes, 
the time of high water on full and change days at Dover, gives 18 
hours 38 minutes; from which I take x2, and the remainder 6 
hours 38 minutes is the time of high water in the morning at Do- 
ver on the given day, differing from that found in the ſecond exam- 
ple by the common method 41 minutes. 


EXAMPLE III. 
What Time will it be High Water at Torbay, Fuly 10, 1796? 


By the table it was new moon on the 4th day, and reckoning for- 
ward on the 1cth, I find there are 5 days completely paſt. Againſt 
5 in the table of times, ſtand 3 hours 2 minutes, which added to 
6 hours, the time of high water at 'Corbay, on full and change days, 
gives 9 hours 2 minutes, the time of high water in the afternoon, 
on the above day; diftering from that given by the former method, 
58 minutes, | 


3 Te 
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To find the Time of the Moms Riſing. 


If the moon is not yet come to the tull, add the time of her ſouth* 
ing to the time of the ſun's riting, and the ſum will be the time of 
the moon's riſing in the forenoon ; but if the ſum exceeds 12, ſub- 
tract 12, and take the remainder for the time of her rifing in the 
afternoon. But if the moon is paſt her full, then add the time of 
her ſouthing to the time of the tun's ſetting, and the ſum will be 
the time of the moon's riſing in the afternoon. But if the ſum ex- 
ceed 12, ſubtract 12, and take the remainder for the time of the 
moon's riſing in the morning. 

Nor E. Tf the time of the ſun's riſing and ſetting is not known, 
it may be eaſily found, having the latitude of the place and the ſun's 
declination in the table, ſhewing the riſing and ſetting of the tua, 
moon, or ſtars. See Table XXII. 


At London, Dec. 1, 1792, required the Time of the Moon's 


Riling ? 
Mo 
- Riſing — _ _ 12 00 
Sun riſes that day by the tables at — 8 o2 
dun ſets — — — 3 58 
Moon ſouths that day at — — 3 
Moon riſes at — — — 6 22 afternoon 


To find the Time of the Moon”s Setting. 


Find the time of the ſun's riſing and ſetting by the tables as be- 
fore, and if the moon is not yet come to the full, add the time of her 
ſouthing to the time of the ſun's ſetting, and the ſum will be the 
time of the moon's ſetting in the afternoon ; but if the ſum exceeds 


12, ſubtract 12, and take the remainder tor the time of her ietting 


in the morning. 

And if the moon is paſt the full, add her ſouthing to the time of 
the ſun's riſing, ard the ſum will be the time of the moon's ſetting 
in the morning; but it the ſum exceeds 12, ſubttact the 12, and 
take the remainder for the time of the moon's ſetting in the aſter- 
noon, | 


EXAMPLE. 


| | 
Fi 
| 
N 
| 
[ 
| 
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EXAMPLE. 
At London, November 16, 1792, required the Time of the Moon“ 


Setting? 
H. M. 
Setting — — — 12 ©0 
Sun riſes Nov. 16th, by the tables, at 1 4 
Sun ſets — — — 4 17 
Moon ſouths Nov. 16th — — 1 36 


Moons ſets Nov. 16th at — — 5 $53 afternoon, 

Nork. The above method may differ half an hour from the 
time given by the almanacks, 

In like manner may the time of high water be found at any other 
place. Whoever will compare theſe examples with the methods 
uſed in other books of this kind, will find a conſiderable difference, 
as they frequently give the moon's age ſeveral days, and of high 
water hours wide of the truth; indeed, on account of the irregu— 
larities of the moon's motion, the times of her change may difter 
half a day from the truth; and the time of high water 30 minutes, 
but ſeldom more, if the ſea is not greatly influenced by the wind, 

The tides do not always anſwer to the ſame diſtance of the moon 
from the meridian at the ſame places, but are variouſly affected by 
the action of the ſun, which bring them on ſooner when the moon 
is in her firſt and third quarters; and keeps them back later when 
ſhe is in her ſecond and fourth quarters ; becauſe in the former caſe, 
the tides raiſed by the ſun alone would be carlier than. the tide 
raiſed by the moon, and in the latter caſe later, as may be ſeen in 
the table of the ſhifting of the tides. 

As the Nautical Almanack is become now of general uſe in long 
voyages, the time of high water at any part of the world may bc 
readily found, if the time making high water full and change be 
known ; for in the ſixth page of each month is given the time of the 
moon's paflage over the meridian of Greenwich every day: this 
time may be reduced to the meridian of any other place, by allow- 
ing 1 hour for every fifteen degrees of longitude. To this time add 
the time making high water there, on full and change days, which 
gives the time of high water nearly on that day, if the ſum be lels 
than 12 hours; but if above, ſubtract 12 hours, or 24 hours from 
it; oblerving, that the days in this Almanack begin 12 hours later 


than the common day. 


414311 


1 a i — 2 
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A TaBLE of the Bearings of the Moon at the Time of High Water, 
nearly with the Times of thoſe Bearings at the following Places: 


When the Moon bears | 


as follows, 
N. and 8. 

N. by E. | S. by W. 
N. N. E. 8. S. W. 
N. E. by N. S. W. by W. 
N. E. S. W. 

N. E. by E. S. W. by W. 
E. N. E. W. S. W. 
E. by N. W. by 8. 
E. W. 

E. by S. W. by N. 
E. S. E. W. N. W. 
8. E. by E. N. W. by W. 
8. E. N. W. 

8. E. by 8. N. W. by N. 
8. S. E. N. N. W. 
8. by E. N. by W. 
Ke. N. 

Nor. 


at the full and change of the moon. 


L 


9+ 
104 
114 


Wy 


? 


Iſle of Alderney, Gibraltar, South- 
ampton, Beachy, Sheerneſs, a Sand 
called Kentiſh Knock, a Sand called 
the Swin, at the Mouth of the 
Thames, 

or 45 minutes paſt 12, Rocheſter, 
Fluthing, Malden, Nore. 

or zo minutes paſt 1, Bell Iſle, Tin- 
mouth, Graveſend, Holyhead. 

or 15 minutes paſt 2, Berwick, Lif- 
bon, St. Andrew s Coquet. 

Whitby, London, Amſterdam, Bour- 
deaux, Bay of Biſcay, 

Breſt, Huntcliff, Hle of Bas, at the 
Maes, Scarborough. 

In breſound, Uthant, Scilly, Cork, 
C. Clear. 

Humber Mouth, at the Spurn, Tor- 
bay, Start Point, 

Hall, Wells, Weymouth, Plymouth, 
Ramhead, Torbay, Dartmouth. 


Briſtol, Portland Road, Lynn, Foul- 


neſs, Foy. 

Lizard, Land's End, Falmouth, Pen- 
ryn, C. Barfleur. 

Eddiſton, Yarmouth, Needles, Fly, 
Dublin, Iſle of Ely. 

Ifle of Man, Iſle of Wight, E. End, 
Caſkets, Caen, St. Helen's: 

North Foreland, Dungeneſs, Dun- 
noſe, Shoreham. 


Downs, Deal, Dover, S. Foreland. 


Margate, Harwich, Roſe, Pool, Portſ- 
mouth, Spithead, Calais. 

Dunkirk, Embden, R. Elbe, Coaſt of 
Flanders, Oſtend. 


The current in the Downs generally runs 74 hours to 
the north, and 5+ hours to the ſouthward ; at Dover the tide from 
the channel runs northward 74 hours; and from the north 5h. rom. 


The tides ſet in the Downs 


N. N. E. and S. S. W. hourly. It is high water at London 46 my , 
nutes after two at full and change by the ſhore. 

Pilots reckon 6 hours for a tide, then as & a tide is 3 hours, 4 
tide is 14 hour, and half-quarter tide is 3 of an hour. So that if it 
flows tide, half tide, and quarter tide, it is high water at half an 


hour after 10 o'clock, which is the caſe in the Downs by the ſhore. 
T | | 
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OF THE 


LOG-LINE AND HALF-MINUTE GLASS, 


AND HOW T9 


CORRECT THE DISTANCE GIVEN BY THEM. 


— 


* 


HE log is a flat piece of wood like a flounder, or of the figure 
1 2 of a quarter of a circle, having its circular ſide loaded with 
lead ſufficient to make it ſwim upright in the water. To this log is 
faſtened a long line of about 150 fathoms, called the Log-line, which 
is divided into certain equal ſpaces, called Knots, each of which 
ought to bear the ſame proportion to a nautical mile (60 of which 
make a degree) that half a minute does to an hour, that being the 
time allowed for the experiment. 

They are called Knots, becauſe at the end of each of them there 
is a piece of twine with knots in it, reeved between the ſtrands of 
the line; theſe pieces of twine ſhew how many knots run out in 
half a minute, and conſequently the ſhip's rate of failing per 
hour. f 

Mr. Nor wood, and ſeveral ether able mathematicians, have 
found that a degree of a great circle upon the earth contains about 
367200 Engliſh feet, therefore a nautical mile being the part of 
3672co feet, that is, 6120 feet, and fince half a minute is 4; part 
of an hour, the length of a knot on the log-line ought to be 
the s part of 6120 feet, or 51 feet. But as for the hes | part, the 
ſhip's way is found, by experience, to be really more than that given 
by the log, and as it is ſafer to have the reckoning before the {hip 
than after it, therefore 50 feet may be taken as the proper length 
of each knot, and theſe knots ſubdivided into ten fathoms, each of 
5 feet, which is certainly the beſt adapted for practice, and will'cor- 
reſpond with all the tables and inſtruments uſed in navigation, as 
they are decimally divided, and conſequently, the ſhip's run deter- 
mined with greater caſe and certainty, But ſome experienced com- 
manders find, that the allowing 50 feet to a knot generally makes a 
ſhip a-head of the reckoning ; and to avoid danger moſtly divide the 
log- line into knots of 7 or 74 fathoms of 6 feet each, to correſpond 
with a glaſs that runs 28 ſeconds, Others again divide the ſeconds 
the glaſs runs by 4, and take the quotient for the diſtance in fathoms 
between the knots ; which of theſe methods are beſt, I leave to every 
captain's own experience to determine; but certain it is, that what- 
ever length the knots are, the moſt convenient way is to divide them 
into tenths. 

In hot or dry weather, the glaſs runs out faſter than in moiſt or 
rainy weather; therefore care jhould bg taken to try what number 
of ſeconds the glaſs runs. 1 
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The length of the log-line formerly uſed, was divided into knots 
of 42 feet, which way of dividing the fame was founded on the ſup- 

ſition, that 60 miles, or about 5000 Engliſh feet, made a degree 
whereas it is abundantly certain, that a degree contains about 73 
ſuch miles. It was therefore to be wiſhed, that no lines fo divided 
were in uſe, but very often cuſtom prevails over reaſon ; and al- 
though mariners ſind by experience this length of the knots to be too 
ſhort, yet ſome of them, rather than quit the old way, uſe glaſſes for 
half. minute ones that run but 24 or 25 ſeconds, which is but cor- 
recting one miſtake by another. 

The knots commonly begin to be counted at the diſtance of 10, 
12, or 15 fathoms from the log, according to the largeneſs of the 
ſhip, that ſo the log may be out of the ſhip's wake when it is thrown 
overboard before they begin to count, leſt the eddies ſhould ſuck the 
log after the ſhip ; and for the more ready diſcovery of this point of 
commencement, there is commonly faſtened at it a piece of red rags 
that part of the line between the red rag and the log is called the 
ſtray line. 

The log and 1 pv being duly prepared and hove overboard 
from the poop, or lee quarter, and the line veered out (by the help 
of a reel which turns eaſy, and about which it is wound) as faſt as 
the log will carry it away, or rather as faſt as the ſhip fails from it, 
will ſhew how faſt the ſhip has failed in the given time, or rate of 


failing per hour. 
The experiment for finding the velocity of the ſhip is called 


heaving the log. 

Care ſhould be. taken to veer out the line as faſt as the log takes 
it, for if the log is leit to turn the reel of itſelf, the log will come 
home and deceive you in the reckoning. | 

In king's ſhips, India ſhips, and ſome others, the log is hovg 
every hour, but in coaſters, and thoſe uſing, ſhort voyages, every 
two hours. 

Here the ſhip is ſuppoſed to move with equal velocity between the 
times of trying the experiment. But if the gale has not been the 
lame during the whole hour, or time between heaving the log, or 
if there have been more fail ſet, or any handed, that ſo the ſhip has 
run more or leſs in any part of the hour than ſhe did at the time of 
the experiment; or if it ſhould fall little or more wind at that time, 
there muſt be allowance made for it according to the diſcretion of 
the artiſt: Sometimes, too, when the ſhip is before the wind, and a 
great ſea ſetting after her, it will bring home the log; in ſuch caſes 
it is cuſtomary to allow one mile in ten, and leſs in proportion, if 
the ſea be not ſo great. 

Care ſhould alſo be taken to meaſure the log-line pretty often, 
leſt it ſtretch, and deceive you in the diſtance. 

The like regard muſt be had, that the half-minute glaſs be juſt 


30 ſeconds, otherwiſe no account of the ſhip's way can be kept; 
2 10 
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to prove which, if there be no ſtop watch at hand, let a plummet 
of any form or weight, be faſtened to a ſilk ſtring or thread, with 
a loop to hang on a ſmall pin or nail faſtened in any place, fo that 
the plummet may ſwing freely; let it be 39+ inches from the end 
of the loop to the middle of the plummet, and the plummet cauſed 


to ſwing ; each of thoſe {wings will be a true ſecond of time, always 


counting every time it paſſes the perpendicular let fall from the pin, 
and every time it paſſes from the perpendicular to the utmoſt ſwing 


will be half-a-ſecond. | 


How to corre? the Diſtance given by the Log-Line and Half- 
Minute Glaſs. 
The diſtance given by the log may be wrong on three accounts, 


viz. by an error in the glaſs, an error in the log: line, or an error in 
both; for correcting of which take the following caſes : 


„ 


When the log- line is truly divided, and the glaſs is faulty. 
RULE. Say, as the ſeconds run by the glaſs are to 30 ſeconds, ſo 
is the diſtance given by the log to the true diſtance, 


EAAMPLE I. 


Suppoſe a ſhip runs at the rate of 7+ knots in the time the glaſs 
runs out, but meaſuring the glaſs I find it runs 34 ſeconds ; what is 
the true rate of ſailing ? | : 

As 34:30:: 7,5 6.6 miles, the true diſtance failed in an hour, 


EXAMPLE II. 


Suppoſe a ſhip runs at the rate of 64 knots, but meaſuring the 
glaſs I find it runs only 25 ſeconds; required the true rate of 
failing ? 

As 25: 30: : 6,5: 7,8 miles, the true diſtance failed in an hour. 


CASE II. 
When the glaſs is true and log-line faulty. 


RuLE. Say, as 50 feet is to the diſtance meaſured between knot 
and knot, fo 1s the diſtance run by the log to the true diſtance. 


EXAMPLE I. 


Suppoſe a ſhip runs at the rate of 64 knots in half a minute, but 
meaſuring the ſpace between knot and knot, I find it to be 56 feet; 
required the true rate of failing ? ; 

As 50:56:: 6,25: 7 miles, the true diſtance ſailed in an hour. 
4 EXAMPLE 
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EXAMPLE II. 


Suppoſe a ſhip runs atghe'rate of 64 knots in half a minute, but 
meaſuring the ſpace between knot and knot, I find it to be only 
44 feet ; required the-true rate of failing ? 

As 50: 44 : : byg : 5,72 miles, the true diſtance ſailed in an 
hour. 

CASE UE 


When both the log-line and glaſs are faulty. 

RuLE. Multiply thrice the meaſured length of a knot by the 
diſtance run by the log, the product divided by 5 times the meaſured 
time of the glaſs, will give the true diſtance run, 


EXAMPLE. ** 


Suppoſe a ſhip runs 5 knots of a log-line of 45 feet to a knot, 
while a glaſs of 25 ſeconds is running out; what 1s the true rate of 


failing ? 


The meaſured length of a knot, — — 45 
Multiplied by — — — — 3 
Gives thrice the meaſured length of a knot 135 
Which multiplied by the diſtance run per log 5 


675 


— — 


4 Second | Lengthof | 
; | of Glaſs. | Knots in Feet. 
And dividing the product by 5 times the — — 
time the glaſs runs, that is 5 x 25 2125, 24 40,0 ; 
the quotient is 5,4, the number of miles the] 25 41,8 
ſhip runs per hour. 26 43-4 
This rule is only a compound of the two 28 22 
former ſimple ones, which is contracted a 2 
little. je. 45.4 | 
When the glaſs is faulty, the log: line 4 v. 
may be divided as in the annexed table, 32 5 3.4 
ſhewing the length of the knots of the log- 0 
f . 33 55 
line of different glaſſes, 34 56,8 
: 58,4 
36 62,0 
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HADLEY*: OCTANT, 


COMMONLY CALLED 


HADLEY's QUADRANT. 


Drag 


HE inventor of this noble inſtrument is difputed ; ſome ay it 

was firſt invented by one GopFREer, in Philadelphia, and 

that Mr. HapLEy, then an officer in the royal navy, pirated it from 

him, and brought it to England, who being the firſt that made it 

public, it ſtill bears his name. How far this is true I cannot fay, 

but certain it is, that two men in different parts of the world may 
hit upon one invention at the ſame time. 

This inſtrument is now ſo much improved, that angles, whether 
vertical, horizontal, or any other poſition the objects happen to be 
in, may be taken to ſuch a degree of exactneſs, that people unac. 
quainted with the uſe of it would ſcarcely think it poſſible. 

The principles of this admirable inſtrument have been fo well de. 
monſtrated by other hands, that a repetition thereof here ſeems to 
me unneceſſary; I ſhall therefore content myſelf with giving a ſhort 
deſcription of it, and its uſe in navigation, 


The principal Parts of the Infirument are, 


The Index D 

The Index Glaſs E 

The Horizon Glaſſes G and F 
The Dark Glaſſes, or Screens H 
The Sight Vanes K and G. 


The graduated arch B C contains only 45 degrees, or is the 8th 

part of a circle, but it is to be eſteemed as go?, and ſo divided, be. 
cauſe by the double reflection the angle is doubled. 

he diyiſions run o, 10, 20, &c. to 90 as in the figure, each de- 

gree is divided into 3 parts of 20 minutes each, which by the help 

of the vernier, or diviſions on the index, is again fubdivided into 

minutes of a degree, thus: 

The index D is a flat bar moveable on the centre of the inſtru- 
ment; that part of the index that flides over the graduated arch, 
having the firſt and laſt diviſions thereon correſponding to thoſe on 
the arch, is called the Vernier or Nonius, and which divides every 
ſub-diviſion on the arch in minutes; thus, 7 diviſions on the nonius 
being divided into 20 parts, it is evident the difference between 
the firſt diviſion on the arch and on the nonius is i of one of the 
ſub-diviſions on the arch, or 1 minute, becauſe 7® there is divided 
Into 21 parts, being one in 20 greater than on the arch. The dif- 
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forence of the two firſt diviſions will be 25 and the difference of the 
three firſt 3, and ſo on ; hence it will ariſe, that in whatever divi- 
ſons on the vernier and arch cut one another the neareſt, the ver- 
nier will indicate how many minutes above the next ſub-diviſion ac- 
cording as it is numbered to right or, left thereof. On the bottom 
of the index againſt the back of the arch is a ſcrew made to fix faſt 
the index when required. 

The arch, as before obſerved, is divided into 90 degrees, num- 
bered o, 10, 20, 30, &c. and each degree into 3 parts, each 20 mi- 
nutes, and is to be read thus: 1d.— id. 20m. — 1d. 40m. —2d.— 2d. 
20m. 2d. 40m.— 3d. &c. qþſerving to read to the diviſion that the 
o, or diamond- like point, of the nonius laſt paſſed over; then the 
nonius will give the number of minutes more, to bs added to the 
diviſion laſt paſſed by the nonius. Thus, ſuppoſe the o, or A of 
the nonius has paſſed over 15 degrees and two parts or 15d. 40m. 
and ſtands ſome where between 15d. 40m. and 6d. then obſerve what 
diviſion or line on the nonius coincides with any diviſion or line 
on the arch, that number on the nonius will be the minutes to be 
added to 15d. 40m. Suppoſe 15 on the nonius touches ſome divi- 
fon on the arch, then 15m. mult be added to 15d. 40m. and the 
angle or altitude meaſured will be 15d. 55m. 

The index glaſs E. is a piece of glaſs truly ground, ſilvered on 
the back, and fixed in a brats frame, perpendicularly to the index 
its uſe is to receive the rays proceeding from any object, and reflect 
them to the horizon glaſſes Fand G; at the back of the braſs frame 
of this glaſs are two ſcrews, ſerving to adjuſt the frame perpendi- 
cularly to the index. | | 

The horizon glaſs F and G. are ſmaller pieces of ground glaſs, 
one part of which is filvered, and the other part open or unſilvered, 
in order to look at an object through it ; theſe are ſet in frames and 
placed perpendicularly on the limb at G and F; their uſe is to re- 
ceive the rays of any object reflected from the index glaſs, and again 
to reflect thoſe rays to the eye through the holes of the ſight vanes 
K and G. 

To adjuſt the Quadrant. 


Firſt, The index glaſs muſt be perpendicular to the plane of the 
quadrant, which if not, you may thus diſcover: hold the plane of 
the quadrant in an horizontal poſition, with the index glaſs near the 
eye; look right down the quadrant in ſuch a manner as to ſee the 
arch of the quadrant direct, and at the ſame time reflected by the 
index glaſs; then, if the arch ſeen direct together with its reflected 
image appear to be in one line, the index glaſs is truly adjuſted ; if 
not, it muſt be rectified by means of the ſcrews placed at the back of 
the index glaſs : it is eaſy to diſcover which way the inclination is, 
by preſſing the index glaſs with your thumb while you obſerve the 
a 


F4 Sec ondly, The axis of the horizon glaſs muſt be parallel to _ 
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axis of the index glaſs, if not the error is eaſily diſcovered and rec. 
tified in the fore horizon glaſs when the index is adjuſted, thus: 
bring O on the nonius nearly to O on the graduated arch, and lock 
directly through the ſight vane at the moon or any bright ſtar, 5 
as to ſee the reflected image in the horizontal glaſs, and the object 
at the ſame time through the unſilvered part; then move the index 
backwards and forwards ſlowly, and obſerve if both images coin. 
cide or paſs behind one another, which if they do, the axis of both 
are parallel, which if not, you ſhould nicely adjuſt by the two (cre; 
placed on the top block of the horizon glaſs. 

If a ſmall piece of coloured glaſs ſet in braſs be made to turn 
round to the ſight vane occaſionally to guard the eye, and the ſcrew; 
turned back, the ſame correction may be made by uſing the fun in- 
ſtead of the moon or ſtar. 


To take the Altitude of the Sun by the Fore Obſervation. 


'The ſun's image at any time, when not much obſcured by clouds, 
may be ſeen as reflected from the unſilvered part of the horizon 
glaſs, by looking through the hole in the fight vane ; having put 
the ſcreens down to guard the eye, hold the inſtrument vertical, and 
turning towards the ſun, direct the fight to that part of the horizon 
beneath the ſun, and moving the index you may bring down the red 
image of the fun towards the horizon: if the ſun's image ſhould be 
faint you may turn back the ſcreens, and you cannot mils it. 

Having brought down the ſun's image near the horizon, ſwing 
the quadrant backwards and forwards, making your eye the centre 
of motion, and keep moving the index at the ſame time till the 
ſun's lower edge juſt touches the horizon, and you will have the 
apparent altitude of the ſun's lower limb upon the arch of the 
quadrant at that inſtant. But this altitude 1s greateſt at twelve 
o'clock, when the ſun is on the meridian, from which the latitude 
is determined: much time will be ſaved if you have a good watch 
well regulated to tell you. within a minute or two when to begin 
your obſervation, but this apparent altitude requires the four follow- 
i og : 

irſt, The index error, if any, to be added or ſubtracted. 

Secondly, The dip of the horizon. 

Thirdly, The ſun's ſemi-diameter and refraction. 

Theſe four corrections are neceſſary to find the true altitude of 
the ſun's centre nearly, the correction of the ſun's parallax being 
ſo ſmall, that it may always be neglected in determining the 
latitude. 

The back obſervation is managed the ſame as the fore obſervation, 
only your back muſt be turned towards the ſun, and the ſcreens 
ſhifted to the back horizon glaſs, remembering to ſubtra& the ſun's 
ſemi-diameter (if the apparent lower limb be taken) and add the dip, 


ſubtracting the effect of refraction, and you will have the altitude of 


the ſun's centre. 


The 
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The correction for the index error is thus: Turn down the ſmall 
knob of braſs, placed on the limb, to hinder the index from going 
off the arch, as it may be in the way. This correction may be 
accurately eſtimated by taking the diameter of the ſun, moon, or 
any obſeg before and behind O on the arch; that is, bring the 
upper limb of the object to coincide with the lower, and note the 
angle, then take it on the extra arch, as it is called; that is, brin 
the lower limb to coincide with the upper, and note the angle; baff 
the difference of theſe two angles will be the true correction of tlie 


index error. | 
LIAM FE. 

Suppoſe the ſun's diameter meaſures 3b on the arch and 28 in the 
extra arch. The difference is 8, half which is the error to be ſub- 
trated, becauſe the diameter meaſures more on the arch, or gives 
the ſun's diameter too much, but had the extra arch given the 
greater angle, the error would have been additive. 


To take the Altitude of the Moon. 
The moon's altitude __ be taken cither by the fore or back ob- 
a 


ſervation exactly in the ſame manner as the ſun's altitude, only 
here you muſt bring the edge of the moon into contact with the ho- 
rizon, which is round and well defined, whether that be the upper 
or under edge: the corrections to be applied to the obſerved alti- 
tude are as follow : 

Firſt, the index error as before directed. | | 

Secondly, The dip to be ſubtracted in the fore obſeryation; and 
to be added in the back obſervation, 

Thirdly, Semi-diameter to be found in the nautical ephemeris for 
every noon and midnight at Greenwich; if very great accuracy is 
required this ſemi-diameter muſt be corrected for the intermedifte 
time: which being added to, or ſubtracted from the obſerved alti- 
tude, will give the apparent altitude of her centre. 

Fourthly, Parallax and Refraction. The moon's horizontal pa- 
rallax for every noon and midnight at Greenwich, is to be found in 
the nautical ephemeris. This muſt be corrected for the intermedi- 
ate time; then take the proportional legarithm of the moon's hori- 
zontal parallax out of the nautical almanack, increaſe its index b 
10, and ſubtract the log. co-fine of the moon's apparent — 
from the ſun; the remainder will be the proportional logarithm of 
her parallax in altitude; from which take the moon's refraction, 
(table 5) and the remainder will be the correction of the moon's 
altitude, which being added to her apparent altitude, will give the 
true altitude of her centre. 


To take the Altitude of a Star by the Fore Obſervation, 


Set the index at O, and holding the plane of the quadrant verti- 
cal, direct the light to the ſtar, 1 at the ſame time look for the 
| | re- 
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reflected image of the ſtar in the ſilvered part of the horizon glaſs, 
move the index a little, which will ſeparate the reflected image from 
the direct image, the former will be eaſily diſtinguiſhed from the 
latter by its motion, when you ſtir the index; continue to advance 
the index, and at the ſame time follow the reflected image of the ft; 
with your eye, directing the fight lower and lower, and changing 
the poſition of the quadrant or octant, as the image of the ſtar de. 
ſcends, till you have brought it down to the horizon, the index will 
then ſnew the obſerved altitude of the ſtar. The corrections to be 
applied to the obſerved altitude of the ſtar are: Firſt, the Index Er. 
ror; ſecondly, the Dip, theſe two give the apparent altitude; thirdly, 
the Refraction, which gives the true altitude: the fixed ſtars hate 
neither ſemi-diameter nor parallax worth notice. 

In taking the altitude of a ſtar, or the moon, by night, always 
get as near the water as poſſible ; in eaſy weather a grating may be 
fung over the ſhip's ſide, and an obſerver fit upon it to take the al. 
titudes ; the fame may be done to take the altitude of the ſun in an 
hazy horizon; for the nearer the eye is to the ſurface of the water, 
the nearer the true horizon will be to the eye. 


Advice to Seamen in the Chaice of their Quadrants or Sextants, 


The joints of the frame muſt be cloſe, witbout the leaſt opening 
or looſeneſs, and the ivory on the arch and nonius inlaid and fixed, 
ſo as not to riſe at the ends, nor above the plane of the inſtrument; 
all the diviſions on the arch and nonius muſt be exceeding fine and 
ſtraight, ſo that when the index or nonius is ſet to any diviſion on 
the arch, the diviſions on the line that coincides may appear diſtinct, 
for only the firſt and laſt line on the nonius will coincide with the 
other lines upon the arch, if tl e quadrant is well divided; likewiſe 
try in diferent parts of the arch, if the nonius, or index plate, cuts 
regularly in order with thoſe on the arch; if they do not, the divi- 
ſions are bad, and the quadrant ought to be rejected. 

Again, look into the great ſpeculum or index-glaſs flant-ways, 
holding it about ten or twelve inches from the eye, and obſerve the 
image of ſome diſtant object; if the image appears clear and diſtinct 
in every part of the glaſs, the ſpeculum is good; but if it appear 
notched, or drawn with ſmall lines, the glaſs is veiny, and mult 
be rejected, if more images than one of the ſame object are ſeen, it 
ſhews that the two ſurfaces are not ground parallel; the other pe- 
culum may be-examined in the ſame manner. 

Obſerve the tun, or a candle, through the dark glaſſes fevera!iy, 
holding the glaſs about eight or ten inches from the eye; it they 
ale veiny, the object will appear notched at the edges, but it clca! 
and well defined, the glailes are good. 
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Moſt people prefer black ebony, on account of its weight; but I 
have found by expeflence, that good mahogany takes the glue and 
ſtands the heat better. 

Quadrants, like watches, may appear well to the eye, and yet be 

for little; it is therefore much better to give two guineas and 
2 half, or three guineas, for a good one, that will laſt a man for 
life, than purchaſe thoſe wretched inſtruments, made up at a low 
price, which cannot be depended on. | 


Of the Dip and Refraction. 


The rays of light in paſſing through the atmoſphere are bent out 
of their ſtraight courſe into a curve line; and hence it happens that 
all the heavenly bodies, except when they are in the zenith, appear 
higher than they ought to do, and fo much the more the nearer they 
are to the horizon. This apparent elevation of the heavenly bodies 
above their true height is called the refraction of objects; and the 
quantity or effect of it, according to the different altitudes of ob- 
jets, has been carefully obſerved by eminent aſtronomers, and muſt 
always be ſubtracted from the apparent altitude, but added to the 
apparent zenith diſtance of an object, with whatever inſtrument the 
obſervation is made, in order to obtain its true altitude or zenith 
diſtance. ; 

That the corrections of obferved altitudes. of objects, both on 
account of the dip of the horizon and the refraction of their light, 

ay appear at one view, they are both exhibited: together in the 
tables. 


To work an Obſervation, or (to find the Latitude of a Place, by the T, ables, 
of the Sun or Star's Declinati»n, and the Zenith Diſtance. 


The latitude of any place is its diſtance from the equator, either 
north or ſouth, counted in degrees, &c. uponran arch of the me- 
ridian, contained between the zenith, or that point” directly over 
your head, and the equator. It can never exceed qe degrees, and 
is found by taking the altitude or height of the ſun or ſtar above the 
horizon of the ſea with a quadrant; when- on the meridian or due 
north or ſouth of the place of obſervation, | 

This meridian altitude, corrected for dip of the horizon, and re- 
fraction, and 16 minutes the ſun's. ſemi-djameter added thereto, 
gives the altitude of his centre, which being ſubtracted: from go?, 
gives the zenith diſtance or the number of degrees, &c. the centre 
of the object is from the point over your head; with which, and 
knowing how far the object is to the north or ſouth of the equator, 
which is called declination, the latitude is found by the meridian 
altitude of any celeſtial object, as follows: | 

Firſt, If the ſun or ſtar-be ſouth when obſerved, call the zenith 
diſtance ſouth ; but if north, call it north. 
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Then if the zenith diſtance and declination be of contrary names; 
that is, if the ſun or ſtar comes to the meridian in the north, and 
hath ſouth declination, or to the ſouth, and hath north declination, 
the zenith diſtance, added to the declination, gives the latitude of the 
place of obſervation; and of the ſame name the declination is of, 
whether north or ſouth. 

Secondly, When the zenith diſtance and declination are of the 
ſame name: that is, when the ſun or ſtar comes to the meridian 
in the north, and hath north declination, or to the ſouth, and hath 
ſouth declination, ſubtract the leſſer from the greater, and the re. 
mainder is the latitude ; and to kuow whether it is north or ſouth, 
obſerve this general rule: 

When the declination is greater than the zenith diſtance, the la. 
titude is of the ſame name with declination ; but if leſs, of a con- 
trary name. 

: OTE, Firſt, When the ſun or ſtar is on the equator, or hath 
no declination, the zenith diſtance is the latitude of the place, aud 
of a contrary name to the zenith diſtance. 

Secondly, When the ſun or ſtar is in the zenith, the declination 
is the latitude, and of the ſame name as the declination is of. For 
it is evident, that as they are equally diſtant from the equator, and 
on the ſame ſide of it; roakquently, if the declination be north, 
the latitude will be alſo north, and if ſouth, ſouth. 


EXAMPLE I. and II. 


Being at ſea May 27, 1796, the] Being at ſea 24th July, 1796, me- 
ſun's meridian alt. was found to be |ridian altitude of the ſun was 241; 


57e 35% and it was ſouth of me, being north of me, required the 14- | 


what latitude was I in? titude in? 
: g0® oO g0® o 
Meridian altitude 57 35 Meridian altitude = 27 13 N. 


Zenith diſtance = 32 255. Zenith diftance = 62 47N. 


Sun's decli. in table for Sun's decli. in table 7 
May 2z, is "Por N. for July 24 } 19 42 N 
Latitude in = 53 53N, Latitude in = 43 05% 


ExAurR III. 

Being at ſea January 14, 1796, the 
ſun's mer. altitude was found 7217 
fouth, what was the latitude of the 
place of obſervation ? ods 


go oo 
Meridian altitude 72 17 
Zenith diſtance = 17 43 8. 


Sun's decli. Jan. 14, is 21 18 8. 


4 


Latitude in = 33 5 8. 
In this caſe, it is plain the obſer- 
ver was between the ſun and the 


equator. 


ExAurkE IV. 
Being at ſea the 4th of May, 1796, 
I obſerved the bright ſtar Fomalhaut 
2721 above the horizon of the ſea, 
and it was ſouth of me, required 
the latitude in? 
| ooo 
Meridian altitude = 27 21 
mmnruuronn—_—_—_—_ 
Zenith diſtance 62 398. 
Fomalhaut's declination 30 42 8. 


— — — 


31 57 N. 


Latitude in 
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Nor. The declination here is fitted to the year 1796. 
The foregoing rules are for obſerving by the ſun or ſtars when 
they are at the greateſt altitudes, or upon the meridian above the 
le, but as in ſome parts of the earth the ſun does not ſet for ſe- 
veral days, and ſome ſtars never ſet, in that caſe they may be ob- 
ſerved upon the meridian twice in 24 hours; that is, once at their 
greateſt height as before, and again when they are at the loweſt or 
upon the meridian below the pole; to work which obſervations, take 
the following 
RuLE. Add the complement of the declination to the meridian 
altitude, the ſum is the latitude of the fame name with the declina- 
tion, 
EXAMPLE V. 
At ſea I took the altitude of the north pole ſtar, when on the me- 
ridian below the pole, and found it 46® 21'; required the latitude ? 
Meridian altitude 1 
Compl. declination 1 47 N. 


The latitude in _— _ > 5 
In the following Examples the corrections for dip and refraction 
are introduced: 


Norte. As all the calculations are for 1796, thoſe that teach by 
this book will do well to furnjſh themſelves in time with the above 


almanack. 


ExameLe VI. ExamPLe VII. 

By a fore obſervation, the alt. of Suppoſe the eye of an obſerver at 
the ſun's lower limb was found by | 35 feet above the water ſhould with 
Hadley's Quadrant to be 40? 20 S.] Hadley's Quadrant, by a fore ob- 
when his declination was 9® 56/ N. ſervation, find the alt. of Sirius 53® 
the eye being 3o feet above the ho-[ 35" S. when it paſſed the meridian, 
rizon ; required the latitude of the|having before-hand ſet his watch, 
place ? and found the time of Sirius's paſ- 
Obſ. al. ſun's lower edge 40h ſage; required the latitude of the 
Semi-diameter to be added 16 f place of obſervation ? 

| — Ob», al-. of Sirius 53935, o“ 
App. alt. ſun's centre 30 36 Dip of hor. to be ſubt. og 39 


Dip of ho. to be ſubtracted og . 
— — App. alt. above hor. 53 29 21 
App. alt. corrected by dip 40 31 J Reiraction to be ſubt. 48 


Refraction to be ſubtracted 1 
— — True alt. of Sirius 53 28 39 


True alt. of ſun's centre 40 30 | — — 

ä — —— True zenith diſtance 36 31 218. 

Zenith diſtance 49 30 8. Sirius's declination 16 26 478. 

Declination 9 56N. — — 
: — — Latitude 20 O4 34N. 

Latitude ,- 26N, 
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ExXAurtrz VIII. 


By a back obſervation with Had- | 


ley's Quadrant, the app. alt. of the 
ſun's lower edge was 2512 S. when 
Kis declination was 21914 S. and the 
40 feet above the horizon ; in 
what latitude was the obſervation 
made? 
Obl. alt. ſun's lower edge 2512 8. 
Semi- diam. to be ſubtracted 16 


—_w — 


24 56 


App. alt. ſun's centre 
06 


Dip of hor. to be added 


App. alt. correct by the dip 25 o 
Refraction to be ſubtracted oa 
True alt. ſun's centre 25 00 
True zenith diſtance 65 oo 8. 
Declination nn 
Latitude 43 46 N ; 


App. alt. ſun's lower limb 


Semi-diameter added 


: App. alt. ſun's centre 
Dip horizon ſubtracted 


| Sun's alt. cor. by dip 


Reftaction to be ſubtracted 


True alt. of ſun's centre 


Complement ſun's declination 


Latitude in 
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ExXanPLE IX. 

Suppoſe on the 12th June, 15,5, 
an obſerver in an high northern lat. 
and 650 weſt of London, his eye be- 
ing 28 feet high, obſerved the alt. of 
the ſun's lower limb on the meridian 
below the pole to be 80 15'S. by 
a fore obfervation with Hadley's 
Quadrant; required the latitnde ? 

The ſun being obſerved beloy the 
pole, it muſt have been at 12 hours 
paſt noon at the place of obſervation, 
and that place being 65% WV. of Lon- 
don A hours 20 later than at Lon. 
don, therefore it muſt have been 
16h. 2om, paſt'noon at London. 

*June12,1 796, the ſan's declina. 
tion 239 13'56,, the daily variation 
is z 12“: and as 24h. : 3 12”:: 16h, 
200: 2 11“, which added to 23%: ;/ 
46” (becauſe the declination is iu- 
creaſing) gives 23916, the ſun's de- 
clination at the time and place of 
chſervation nearly. 


89 15/9, 
— 16 
— — 8 3 
— — 8 26 
— ob 
— — 8 208. 
— 66 44N. 
= — 75 04N, 
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IHE variation of the compaſs is an arch of the horizon con- 
tained between the meridian of the place and the magnetic 
meridian, and is either eaſt or weſt; or it is the number of degrees, 
&c. the needle's point ſtands from the true north or ſouth points 


dee Nautical Almanack for 1796. 


of 
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of the horizon, reckoned to the eaſtward or weſtward, and is readily 
found either from the ſun's amplitude or azimuth. 


T5 find the true Amplitude, 


The ſun's true amplitude is an arch of the horizon, comprehended 
between the true eaſt or welt points thereof, and the centre of the 
ſun at its. riſing or ſetting ; or it is the number of degrees, &c. the 
(un riſes or ſets to the northward or ſouthward of the eaſt or weſt 

ints of the horizon. ä 

The ſun's magnetic amplitude is the number of degrees, &c. the 
centre is northward or ſouthward of the eaſt or welt points of the 
compaſs at his riſing or ſetting, and is found with an azimuth com- 
paſs in the following manner : 

Having placed the azimuth compaſs in a convenient part of the 
ſkip, look directly through the ſight vanes at the ſun's centre; and 
when the ſun's lower edge juſt touches the horizon, ſtop the card, 
by a top which is placed on the compaſs for that purpoſe ; then the 
quantity of degrees and minutes contained between the eaſt or weit, 
and the north and ſouth points of the compaſs will be the magnetic 
amplitude. 

The true amplitude is found either by inſpection in the tables of 
the ſun's amplitude, or by calculation, as follows : 


RuLE. As the fine complement of the latitude 
Is to radius, - 
So is the fine of the ſun or ftar's declination 
To the fine of the true amplitude : 

Which is always of the ſame name with the declination, whether 
north or ſouth. 

Or, to the ſecant of the latitude (rejecting the index) add the 
log. tine of the ſun's declination, the ſum will be the log. fine of 
the true amplitude. 

NoTE, The arithmetical complement of the co-ſine of any arch 
is always equal to the ſecant of that arch, thiowing away radius, 
or neglecting one, - which ſtands the firit ſigure in the ſecant's in- 
dex; likewile the arithmetical complement of the {ine of any arch, 
is the co-ſecant of that arch leſs radius, or the fart figure of its in- 
dex: Wherefore, the arithmetical complement of the ſine or co- ſine 
of any arch is found in the table of ſecants by inſpection. 


EXAMPLE l. 
On the 25th of October, 1796, in latitude 51 32 N.; I demand 


the true amplitude ? 

As fine com. lat. 51* 32 9.79383 Or thus : 

Is to radius 10,00000 Lat. 51932' N. ſecant 0.20617 
So is fi. ſun's dec. 10943'S. 9.26940 Decl. 10 40 S. log. fine 9.26940 


To. of true amp. 174 9.47557} True amp. 177248. 9.47557 
| ExaMPLE 
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ESAMPLE IL 


In latitude 3825 N. what is the ſun's true amplitude when the 
declination is 18? 59 N.;? 


As fine com. lat. 3825“ 9.8940; Or thus: 
Is to radius 10.00000|Lat, 38922'N. ſecant 0.10597 


So is ſine ſun's decl. 1859 9.5 1227 Decl. 18 59 N. log. fine 9.5122) 


— — — 


To ſun's true amp. 24* 32' 9.61822| Log. fi. 2432 true am. N. 9.6182 


To find the true Amplitude by the Table of Amplitudes, 


Look for the given declination at the top of the table, and the 
latitude in the firſt column on the left hand, in the common angle 
of meeting, will be the degrees and minutes of the amplitude x re- 


quired. 


EXAMPLE I. 


In latitude 40 N. when the declination was 17 N. required the 
ſun's true amplitude at riſing ? ? 

Under declination 17*, and right againſt the latitude 45, ſtand 
22* 26, the true amplitude, and is to be counted from the eaſt to- 
wards the north, becauſe it is at the ſun's riſing, and the declina- 
tion is north ; that i is, E. 229 26 N. 

But when the latitude is given in degrees, and the declination in 
degrees and minutes, find the declin. at the top as before, and the 
neareſt degrees to the given latitude in the left-hand column, againſt 
which, and under the given declin. ſtands the true amplitude; or, 
if the minutes of the declination be near 3o, or half a degree, find 
the amplitude for the given degrees of declination, and the ampli- 
tude for one degree above it, add theſe two amplitudes together, 
half their ſum will be the tiue amplitude, e exact for prac- 


tice at ſea. 


EXAMPLE II. 


Suppoſe I would know the ſun's true amplitude at his ſetting in 
latitude 57, his declination being 1 33'S. 


Find the ampl. as before for the 200 20 
Lat. 57, and the 28 — which will be = 15 


Their ſum 42 44 


Half the ſum 21 22 is 
the true amplitude: that is, W. 21“ 22 S. becauſe at ſvn ſetting, 
and the declination ſouth. In like manner, if the declination be in 
degrees, and the latitude in degrees and minutes, as in 


EXAMPLE 


. 
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EXAMPLE N 


Suppoſe it were required to find the ſun's true amplitude at ſetting 
in latitude 49? 27', when his declination was 2:1? N. 
Now 27 minutes being nearly half a degree, therefore, 
49 N and declination 219) 33? 6 
2 50 J the amplitudes — 33 52 


Sum 66 58 


m— — 


Half the ſum is 33 29, the true am- 


plitude required; that is, W. 33” 29 N. becauſe the ſun was ſetting, 
and the declination N. 

When the latitude and declination are both given in degrees and 
minutes, take the neareſt degrees to both, unleſs they are near 30 
minutes, as obſerved before, and find the amplitude as in Example I. 


EXAMPLE IV. 


Suppoſe it were required to find the ſun's true amplitude at ſettings 
in latitude 49® 18), his declination being 12% 41' N. 

Now as the latitude is neareſt to 49“ and the declination neareſt 
29?, therefore againſt latitude 49? and under declination 20, ſtands 
31 25 N. the true amplitude; that is, W. 31? 25 N. the declina- 
tion being north, and at the ſun's ſetting, 


To find the true Azimuth. 


The true azimuth is an arch of the horizon contained between 
the meridian of the place and the azimuth circle, paſſing through 
the centre of the ſun or ſtar at the time of obſervation; or it is the 
true diſtance of the ſun or ſtar from the true north and ſouth points 
of the compals. 

The magnetic azimuth is an arch of the horizon contained be- 
tween the magnetic meridian and the azimuth circle, paſſing through 
the centre of the ſun or ſtar when obſerved ; or it is the apparent 
diſtance of the ſun or ftar from the north or ſouth points of the com- 
paſs, either in the forenoon or in the afternoon, when they are 
5% 10», 15%, &c. above the horizon, and the leſs the altitude is, the 
more exact you may perform the obſervation. 

The magnetic azimuth is found by the compaſs in the following 
manner, | 

Place the compaſs in a convenient part of the ſhip; then move 
it ſo that the ſights may be directed to the ſun's centre; - and the 
ſhadow of the ſtring will fall directly on the line marked on the 
plane which join the ſights; then the degree, &c. in the arch in- 
tercepted between the end of the index, and north poipt of the 
card, will give the magnetic azimuth required. If the ſun does not 


ſhine 


r 


„„ 


EET —— — nn  edit A ABE 
8 22 2 — — 
* — — — — 


— ——_ 


— 
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ſhine ſtrong enough to give a ſtrong ſhadow, look through one of 
the fights, and move the compaſs till one of the ſtrings cuts the 
ſun's centre, and then the intercepted arch, as before, ſhews the 
tun's azimuth, and the like of the ſtar's. 

When there is a rough ſea, the obſervation is beſt made by two 
perſon's, and if the card vibrates much, take the middle degree be. 
tween the limits which the vibration reaches. 

When the azimuth is obſerved, the altitude of the object muſt be 
obſerved at the ſame time. 

Having the latitude of the place of obſervation, and the ſun or 
ſtar's declination with the altitude at the time of obſervation, the 
true azimuth is found as follows : | 

To find the true azimuth, obſerve theſe general rules : 


. 


Add the complement of the latitude, 
the complement of the altitude, 
and the ſun or ſtar's polar diſtance, into one ſum: 
From half this ſum, ſubtract the polar diſtance, 
and note the half-ſum and the remainder. 
ö Then add together 

The arithmetical comp. of the log. co- ſine of the altitude, 

The arithmetical comp. of the log. co- ſine of the latitude, 

The log. fine of the half. ſum, 

And the log. ſine of the remainder, into one ſum. 

Half the ſum of theſe four logarithms will give the log. co-ſine 
of half the true azimuth, which being doubled, gives the true azi- 
muth, reckoned from the north in north latitude, and from the ſouth 
in ſouth latitude. 

Or thus: 


Add together | 

The log. co- ſecant of the comp. latitude, 

The log. co- ſecant of the comp. altitude, 

The log. fine of the half-ſum, 

And the log. fine of the remainder, into one ſum. 

Half the ſum of theſe four logarithms will be the log. co-ſine of 
the half of the true azimuth, 

N. B. The polar diſtance of the fun or ſtar, is their diſtance from 
the neareſt, or elevated pole, and if the latitude of the place, and 
the declination of the ſun or ſtar, be both north, or both ſouth, then 
the complement of the declination is the polar diſtance ; but if the 
latitude and declination be one north and the other ſouth, the de- 
clination added to go? gives the polar diſtance, 


{ rejecting the indexes, 


EXAMPLE 
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EXAMPLE 
In latitude 51 32' N. the ſun's altitude was obſerved to be 392 28', 
his declination being then 16? 37 N.; required the true azimuth ? 
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| gos oo go? oO go? oO 
Latitude 51 32 N. Altitude 32 28 Declination 16 37 
Co-alt. 50 32 Polar diſt. 73 23 


Co- lat. 
Co-alt. 
Polar diſt. 73 23 


Sum 162 23 
Sum Wo, 


Polar diſt, 73 23 


Remainder 


Log. co-ſi. 589 o 9,72301 
2 


True azimuth 


EXAMPLE II. Worked by ſecond method, 


Ar. co-ſine 0,20617 
Ar, co-fine 0,11239 


Log. fine 9,99484 
Log. fine 9,13263 
19,4460 3 


— — 


166 12 from the north. 


In latitude 42 16' N. the ſun's altitude was obſerved to be 1840, 
his declination being then 79 38'S. ; required the true azimuth ? 


o oof 
Latitude 42 16N. 
Co-lat. 47 44 
Co-alt, 71 20 
Polar diſt, 97 38 
Sum 216 42 
1.Sum 108 21 
Polar diſt. 97 38 
Remainder 10 43 


o oo 
18 40 


Altitude 


Co-alt. 71 20 


— ꝶ.2—— — — 


Co- ſecant o, 13076 
Co- ſecant o, 02347 


Log. ſine 9.97733 


Log. fine 9, 26940 
Sum 19, 40896 


J-Sum log. co-ſi. 59. 53 = 9,70048 
2 


True azimuth 


90® oo 


Declination 7 388. 


119 46 from the north. 


X 2 


07+ 38 


The 
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The following queſtions are ſet down for the Learner's Exerciſe - 


Dueft. I. Being at ſea, in latitude 40 38 N. in the afternoon 
the ſun's altitude was obſerved to be 20? 46', when his declination 
was 170 10'S. ; what was the ſun's azimuth at that time? 

Ans. 137“ 50 from the north. 

Que IT. What is the ſun's true azimuth in lat, 269 39' N. in 
the forenoon, when his altitude is 24* 280, and his declination 220 
40 north? 

Aus. 75 44 from the north point of the compaſs. 

Aue. III. At the iſland of ot Helena, the ſun's altitude was 
obſerved to be 30 22 in the forenoon, his declination being then 
229 58'S, required the azimuth at that time? 

Aus. 72” 22 from the ſouth, or 1079 38' from the north. 

Jueſt IV. What point of the compals does the ftar Aldebaran 
bear on, at the Cape of Good Hope, when its altitude is 229 25'? 

Aus. 130? 52' from the ſouth, or 49" 8' from the north. 


Having found the ſun's true amplitude or azimuth by the prece. 
diag methods, &c. magnetic amplitude or azimuth by obſervation, 
it is evident, that when they agree there is no variation; but when 
they diſagree, then, if the true and obſerved amplitudes be both of 
the ſame name, that is, both north or both ſouth, their difference 
is the variation; but if the true and obſerved amplitudes be of dif. 
ferent names, that is, one north and the other ſouth, their ſum is 
the variation. Again, if the true and obſerved azimuths be both on 
the eaſt, or both on the weſt ſide of the meridian, their difference 
is the variation; but if the true and obſerved azimuths be one on 
the eaſt and one on the welt f{idg-pf the meridian, their ſum gives 
the variation; and to know whether the variation is eaſterly or 
weſterly, obſerve this general 


. 


Let the obſerver's face be turned to the ſun; then, if the true 
amplitude or azimuth be to the right hand of the magnetic, or ob- 
ſerved, the variation is eaſterly; but if to the left hand, weſterly. 


I I. 


Suppoſe the ſun's magnetic amplitude at riſing is found to be E. 26* 
12' N. but the true is found to be E. 14® 20! N. required the vati- 
ation? 


From the greater E, 26% 12 N. 
Take the leſſer E. 14 20 N. 
Remains the variation Is 32 E. 


Which 


Cw 
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Which is eaſterly, becauſe in this caſe the true amplitude is to 
the right of the obſerved. 


With the chord of 60 deſcribe a circle to repreſent the compaſs, 
through which draw the north, ſouth, eaſt, and weſt lines; take 
the amplitude at riſing, 26? 12/ from the line of chords, and ſetting 
it from E. towards N. and likewiſe the true amplitude 14 20, and 
ſet it from E. towards N. as-before, the difference of theſe two an- 
gles, or between the true and magnetic amplitude, viz, 119 52' is 
the variation, Now ſuppoſe yourſelf placed at the centre of the 
horizon, repreſented by the compaſs, and looking towards the mag- 
netic amplitude at the ſun's riſing, it is plain that the true amplitude 
found by calculation is towards the right hand of the obſerved, which 
ſhews the variation is 119 52 E. and muſt be allowed to the right 
hand in all courſes ſteered, before they can be put in the Traverſe 


Table or bearings, taken by the compaſs. 


EXAMPLE H. 


Suppoſe the ſun's true amplitude at ſetting be W. 34 26' S. and 
his magnetic amplitude W. 230 13'S, required the variation, ſince 
they are both of the ſame name ? | 

From the greater — W. 349 26'S. 
Take the leſler — W. 23 13 8. 


Remains the variation 3312 . 


Which is weſterly, becauſe the true amplitude is to the left of the 


obſerved in this caſe. 
EXAMPLE 
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\ 
| 


EXAMPLE III. 


ao North 
"711 
V 


| 

| Mag 

A FTI; ? 

1 ä 
"DO — 


Suppoſe the true azi- 
muth 84 40 W. 


The mag. az. 101 15 W. W — —— 
* Variation 16 35 N 2 WY 


.* Let N. E. S. and W. repreſent the horizon, C, D, F, an 
azimuth circle, paſſing through the ſun's centre; now an obſerver, 
2 at the centre, will ſee the ſun at riſing in the line 1, but when 

e gets a greater altitude, and arrives at E, he will ſee the ſun in 
the line © 2, and as the ſun alters its altitude, will be ſeen in the 
lines © 3, © 4, © 5, at length will arrive at its meridian Z, 8. 
and the figures 2, 3, 4, 5, will repreſent the magnetic azimuth ; 
the difterence between theſe and the true azimuth found by calcu- 
lation is the variation, : 


ExAwmPLE IV. ExameLs V. 

Suppoſe the ſun's true amplitude] Suppoſe the ſun's true azimuth 
at riſing is E. 13* 24 N. and bis ſin the forenoon is N. 8640 eaſterly, 
magnetic amplitude E. 129 32/ S. but by the compaſs it is N. 739 24 
required the variation, and which eaſterly; required the variation, 


way ? and which way ? 
Since the true amplitude and ob- Since the true and obſerved azi- 
ſerved have difterent names muths are both on the ſame file of 


To the true amplitude E. 134 N. the meridian, 
Add the magnetic amp. E. 12 32 8. From the greater N. 86* 40 E. 


Take the leſſer N. 73 24 E. 
Their ſum is the variation 25 56 W. — 
— — | Remainder variation 13 16 E. 


Which is weſterly, becauſe the] Which is eaſterly, becaufe the 
true amplitude is to the left of the true azimuth is to the right of the 
obſerved. |  obſeryed, 


EXAMPLE 


CJ 


>” — ww we 
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ExAurLE VI. 

zuppoſe the ſun's true azimuth is 
N. 329 28 eaſterly, and his magne- 
lie azimuth N. 89 50 weſt; required 
the variation, and which way ? 

Since they are on the different 
fdes of the meridian, 
To the true azimuth, N. 32928“ E. 
Add the mag. azim, N. 8 zo W. 


41 18 E. 


zum is the variation 


Which is eafterly, becauſe the 
true azimuth is to the right of the 


ExAmPeLE VII. 


Suppoſe the ſun's true azimuth 8. 
17*45 E. and the magnetic azimuth 


and which way ? 
Since they are on different ſides 
of the meridian, 
To the true azimuth, S. 15* 45'E. 
Add the obſerved az. S. 5 48W. 
23 33W. 
Which is weſt, becauſe the true 
azimuth is to the lett of the ob- 


Sum is the variation 


obſeryed. 


The uſe of the variation is to 


ſerved. E 


correct the courſe ſteered by the 


compaſs ; when the variation is eaſt, it muſt be allowed to the right 
hand upon every courſe ſteered quite round the compaſs; but when 
the variation is weſt, to the left hand. 

Nor E. The variation may be eafily found by taking the ſun's 
altitude in the morning, and obſerving what point of the compaſs he 
bears upon; and in the afternoon when the altitude is the ſame, 


the middle point will be the true 


meridian, the difference between 


which and the north or ſouth points of the compatls is the variation. 


f the altitudes are taken at 5, 6, 


or 7 o'clock in the morning, you 


will have the fame altitude at 5, 6, or 7 o'clock in the evening, be- 


ing equally diſtant from noon. 


The variation of the compaſs was firſt obſerved at London, in the 


year 1580, to be 11* 15 eaſterly ; 


* 


and in the year 1622, it was 6* 0 


E. ſtill decreaſing, and the needle approaching the true meridian, 


until it coincided with it in the y 


ear 1662, ſince that time the vari- 


ation ſtill continues at London to encreaſe weſterly, at the rate of 
about 11 or 12 minutes every year; and is at this time about 23? 30 
weſterly, and in the Englith channel about 25% 33' weſterly ; but 
how far it will go that way, time and obſervations will probably 


de the only means to diſcover. 
The variation at Paris in the 


year 1040, was 37 E. but in the 


year 1681 it was 2 21 W. and is ngw about 22 20' weſterly, ſtill 


continuing to go weſterly, 


S. 59 45 W. required the variation, 


In ſhort, from obſervations made in different parts of the world, 
it appears, that in different places the variation differs, both as to 
ts quantity and denomination, it being eaſt in one place, and weſt 
in another; the true cauſe and theory of which has not yet been 
diſcavercd, and therefore in long voyages it is abſolutely neceffary 
that the mariner ſhould find the variation of the cotopaſs by obſer- 
vation as often as poſſible. 

| One 


— 
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One Magnus, a ſhepherd, firſt diſcovered the wonderful power of 
the loadſtone, that gives polarity to the needle, by its ſticking to the 
iron of his ſandals; whence the name of Magnet was given to the 
ftone, or magnetic needle. Gio, of Naples, about 300 years ago 
firſt diſcovered that a piece of iron rubbed on it, and then luſpendeg, 
had the property of pointing to the north and ſouth, and thence ap- 
plied to Navigation. An author of ſome degree of popularity, why 
has drawn a variation chart, ſays, he has found out the theory of 
the variation of the magnetic needle, without favouring the world 
with the principles; if his genius has been able to penetrate into 
the bowels of the earth, to diſcover this wonderful phenomenon, 
it is more than Sir Isaac NEWTOS's or Dr. Hailty's could 
do; however, his veracity may well be doubted, as Mr. Wars, 
who accompanied Captain Cook round'the world, told me, that 
his theory did not reach thoſe iſlands which they diſcovered, 


Faw to touch the Compaſs Needles. 


Having two ſtrong magnetical bars, lay the compals needle as 
nearly north and ſouth as you can, with the intended north north- 
wards; join the two magnets in a line, conſiderably above the 
needle, the north end of each being northward, and bring them 
down upon the needle, fo that the place of junction may be over its 
centre ; then draw them aſunder along each half of the needle, and 
continue their motion till they are eight inches clear of the needle's 
end; by a circular motion bring them again to the centre and join 
them as before; repeat this operation fix or ſeven times, taking 
care not to put the magnets out of their paralleliſm, and the needle 
will be ſufficiently magnetical, 


THE METHOD OF KEEPING A 
SHIP's RECKONING, ox JOURNAL Ar SEA. 


BY keeping a Ship's Reckoning, or Journal, is meant keeping 
ſuch an account of the ſhip's way, that the mariner may be 
able at any time to aſcertain the latitude and longitude the ſhip 1s 
in; it therefore ſhould be the great concern of every perſon who 
takes upon him the navigating of ſhips to remote parts, to be ex- 
pert therein, as the lives and fortunes of ſo many men are committed 
to their charge, 


When 
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When a ſhip is bound from one place to another, which lies ſo 
far from her, that ſhe is obliged to go out of ſight of land for any 
conſiderable time, as from England to Jamaica; at the time of her 
leaving ſight of land, ſhe is ſaid to take her departure, and that 
part of the land ſhe then leaves, is faid to be the place ſhe takes her 
departure from; ſuch as the Land's-end, Lizard, &c. and at the time 
of taking ſuch departure, the captain or mate generally takes the 
bearing and diſtance of that land, (according to his judgment) and 
ſets it down on the log-board, or in the log-book, againſt the time 
it was taken, thus, Land's-end N. N. E. dift. 7 leagues, or Lizard 
N. by W. diſt. 5 leagues, &c. 

In the ſame manner may the departure from any place be taken, 
as may be ſeen in the firſt day's log of the following journal, where 
the log-book is marked in columns tor hours, knots, fathoms, courſes, 
winds, leeway, tranſactions; and under it the columns for courſes, 
diſtances, northings, or ſouthings, eaſtings, or weſtings, the lati- 
tude by dead reckoning, latitude by obſervation, meridian diſtance, 
difference of longitude, longitude in, and in the laſt, bearing and 
diſtance of the land. 

Notice muſt be taken; that in the column for courſe, you are al- 
ways to ſet down the courſe you have made by your reckoning for 
that twenty-four hours; that is, from the noon of the day before 
to the noon of the day you work on, the ſea account being always 
kept from noon to noon. 

Dead reckoning, is that account deduced from occurrences which 
are written on the log-board. : 

In the columns for diſtance you are to ſet down the diſtance made 
by your reckoning for that twenty-four hours, | 

In the columns of northing and ſouthing, you are to ſet down the 
difference of latitude made in that twenty-four hours, marking the 
column with north, if the difference of latitude be north; and ſouth, 
if ſouth, 

In the column of eaſting or weſting, you are to ſet down the de- 
parture made that 24 hours, marking the column with eaſt, if the 
departure be eaſt, and with welt, if weſterly. 

In the column marked latitude by D. R. you are to ſet down the 
latitude you reckon yourſelf in on that day; and in the column 
marked lat. by ob. you are to ſet down the latitude found by ohr: 
vation; alſo the difference of longitude made in the 24 hours in the 
column marked diff. long.; the longitude in, in the column marked 
long. in; and in the laſt, the bearing and diſtance from the land. 

The variation, if any, muſt be allowed upon all courſes ſteered, 
and upon all bearings that are taken by the compaſs ; that is, if it 
be eaſterly variation, it muſt be allowed the right hand ; if weſterly, 
to the left of the courſe or earn Suppoſing yourtelf placed in 
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the centre of the compaſs, and looking directly forward to the point 
you are to allow the variation upon. 


EXAMPLE. 


Suppoſe I ſteer S. W. and there is one point weſterly variation, 
then my true courſe is S. W. by S. or ſuppoſe I ſet a point of land, 
and find it to bear by the compaſs E. S. E. and I know there is half 
a point caſterly variation, then the true bearing is S. E. by E. E. 

Leeway muſt be allowed upon all courſes fteered, which is the 
difference between the point which the ſhip endeavours to fail upon, 
and the point ſhe really fails upon, and is cauſed by the force of the 
wind or ſurge of the fea, when ſhe is cloſe hauled or plying to wind. 
ward, which makes her fall off and glide fideways from the point 
of the compals ſhe capes at, and muſt be allowed to be on the right 
hand of the courſe ſteered when the larboard tacks are on board, and 
to the left hand hen the {tarboard tacks are on board. The alloy. 
ances that are generally made are as follow : | 

1ſt. When a ſhip is cloſe hauled, if all her fails be ſet, the water 
ſmooth, and a moderate gale of wind, ſhe is then ſuppoſed to make 
little or no leeway. 

2dly. The ſhip being upon a wind, and the ſmall fails in, allow 
one point for leeway. | 

3dly. The wind blowing hard, ſo as to cauſe one top-ſail to be 
taken in, allow two ꝓoints for leeway, 

4thly. When it blows fo hard that both top-ſails are taken in, and 
the ſea runs high, allow then 3 points for leeway. 

Sthly. The fore-fail being furled, and the ſhip tries under a 
main-ſail and mizen, allow four points for leeway ; for ſhe then 
makes her way about four points before the beam, as the ſca phraſe 
10. 

6thly. When the ſhip tries under the main-ſail only, ſhe then 
makes her way about three points before the beam, that is, allow 
near five points leeway. 

Ithly. If the ſhip tries under the mizen only, the way is about 
two points before the beam; that is, allow ſix points for her lee- 
way. 

Sthly. When the lies hull, that is, with all her fails furled, her 
way is one point before the beam, and then ſeven points is her lee · 
way. 

Gly. When a ſhip is lying to under a main-fail, mizen, &c, 
then obſerve how ſhe comes up and falls off, and take the middle 
between the two points, and from that allow the leeway and vari- 
ation. 

Nor E. In all caſes reſpect muſt be had to the ſmoothneſs of the 
water, or to the ſea's running high, the mould and trim of the 
ſhip, and then the allowances may be aſcertained with the greater 

certainty, 
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certainty, by ſetting the ſhip's wake by a compaſs placed on each 
rail of the ſhip's quarter, which is uſually ſet there for that purpoſe, 

For it is well known, that ſome ſhips, with the ſame quantity of 
fail, and with the ſame gale, will make more or leſs leeway than 
others; and alſo the ſame ſhip, when ſhe is out of her trim or dif- 
ferently loaded, will make different leeways : for it is obſervable, 
that the more water a ſhip draws, the leſs leeway ſhe makes; be- 
cauſe ſhe then meets with a greater reſiſtance in ſplitting the water 
with her ſide, than otherwiſe ſhe would. 

The leeway may be eaſily found by the azimuth compaſs, by 
turning the inſtrument about until you ſee the wake of the ſhip 
either over the ſights or parallel to them ; then the point of the card, 
which is cut by the vertical line in the box, which is neareſt to you, 
is the true courſe ; the difference between that and the courſe given 
by the compals in the binnacle, is the leeway required, which ought 
to be accordingly entered upon the log-board. 

There is another way of finding the leeway, by fixing a compaſs 
cut in lead (or in other metal) on the poop, or ſome other conve- 
nient part of the ſhip's ſtern, with the meridian parallel to the ſhip's 
fide, and in the centre a pin is fixed, to which is faſtened a ſmall 
line of a good length, with a piece of wood at the end of it, that it 
may be dragged after the ſhip. The point or degree cut by this 
line will ſhew the leeway ; if it cuts the meridian, the ſhip makes 
no leeway ; but if it does not, the difference between the meridian 
and where it cuts is the leeway. | 

By ſome of the above methods, the leeway (if there be any 
ought to be carefully obſerved as often as may be judged neceflary ; 
— theſe obſervations ſhould be punctually ſet down by the officer 
of the reſpective watch; at leaſt, if no obſervation be made, he 
ought to ſet down the leeway according to his judgment once or 
twice in the watch, and by this means the courſe made good may 
be found to a much greater certainty and exactneſs than by the 
common method of allowing for leeway, when the day's account 
comes to be worked (which is generally once in 24 hours); for 
an obſervation muſt certainly be better than any gueſs. But if no 
obſervation be made, the perſon who is upon deck, and has the 
care of the watch, is better able to make proper allowances, while 
things are freſh in his memory, and while he is an eye-witneſs of 
the ſeveral accidents that happen ; and certainly much more capa- 
ble "7 another who was not upon the deck during the whole 
watch. 

I have often admired to ſee how particularly every thing is ſtated 
upon the log-board, excepting the leeway : and yet that (which is 
one of the moſt material articles, fince the courſe, according to 
the compaſs, muſt be corrected by it,) only allowed for the next 
day, according to every one's fancy, thereby, as it were, * 


as many different journals as = are artiſts (fo called) on _ 
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the ſhip, and yet not one regular journal properly kept amongſt 
them all, ſince one of the moſt material articles is only gueſſed at. 


EXAMPLE I. 


Suppoſe I ſteer N. E. by E. with my larboard tacks on board, and 
make one point leeway, then my courſe made good is E. N. E. 

Leeway and variation, when they are both to be allowed one 
way, that is, both to the right hand, or both to the left, add them 
together, and allow their ſum the ſame way they were to be al. 
lowed. 

But if they are to be allowed, one to the right hand, and the other 
to the left, fabtrad the leſs from the greater, and allow the remain- 
der the ſame way the greater was to be allowed. 


EXAMPLE II. 


Suppoſe I ſteer N. N. W. with my ſtarboard tacks on board, and 
make one point lee way, there being at the time half a point wel- 
terly variation; I would know my true courſe ? 

Leeway to the left hand I point. 
Variation to ditto — 2 point, 


Their ſum to be allowed to the left hand 1 3 point. 
Whence the true courſe is N. W. by N. + W. 


EXAMPLE III. i 


Suppoſe I ſteer S. W. by W. with my larboard tacks on board, 
and make two points and a half leeway, and I have one point and 
a quarter weſterly variation; what is my true courſe ? | 

Leeway to the right-hand 2 + points. 
Variation to the Ea hand — 1 4 point. 
The rem. to be allowed to the right-hand x 4 

Whence the true courſe W. S. W. + weſterly, 


rr x. 


Suppoſe a ſhip lying to under a main. ſail, with her ſtarboard 
tacks on board, comes up E. by S. and falls off to N. E. by E. there 
being one point weſterly variation, and ſhe makes 5 points leeway ; 
what courſe does ſhe make good ? 

The middle between E. by 8. and N. E. by E. is E. by N.; for 
—_ allowing 6 points to the left-hand, the true courſe will be 

by E. 

It is plain by the preceding examples, that if the lee way is made 

towards 


0. 
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towards the meridian, it is taken from the courſe ſteered ; but when 
it is made from the meridian, it muſt add to the courle ſteered, to 
The ſame may be obſerved of the ſum or 
difference of the leeway and variation, as may be ſeen by the follow- 
ing table, which is here ſet down to exerciſe the young Navigator 


find the true courſe. 


in the foregoing rules. 


THE TABLE. 


{73 


Courſes (| Lee-| Varia- Courſes 
ſteered. Winds. Way. tion. corrected. 
N. W. I W N. N. E 4 2. W.] N. 54 W. 
W. N. N. W 3 8. G1 W. 
W. S. W 8. 13 8. GTW. 
W. 8. S. W. 2 W. 
W. by N. N. by W. | 1+ S. 7 W. 
S. W. W. N. W. 14 8. 14 W. 
8. W. S. W. 4114 W. 8. 8. E. 
8.8. W. W. I 8. J E. 
S. W. N. W. by W. + 8. . W.iW. 
W. 8. S. W. 14 W. by N. 4 W. 
W. by N. N. by W. 1 W. S. W. 4 W. 
8. E. S. E. 2 S. 4 W. 
E. by8s. 8. E. 2 E. by N. 
E. N. E. N. 12 E. N. E. 4 E. 
E. N. I E. by N. J E. 
E. 8. 0 E. N. E. 4 E. 
8. E. S. E 1 [Iz W. S. by E. 4 E. 
E. S. E. N. E. 2 E. by S. 4 E. 
. 8. I S. W. by W. 
W. by N. S. W. by S. | 1 W. ZN. 

N. W. an N. W. 4 W 
8. W. S. W x oi E S. I E. 
N. by E. N. W. by W. 211 N. N. E. ZE. 

N. W. by N. W. by S. [f N. 2 W. 
N. W. by W. N. by E 1111 N. W. by W. IW. 
W. by S8. N. W. by N. 11 24 W. 18. 
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Norte. In ſailing in the channel, or along a coaſt in a tide or 
current, particular care muſt be taken to take its ſetting for a 
courſe, and its drift for a diſtance, which muſt be entered among 
the courſes and diſtances in the table of that day's a 
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And where the ſetting of the tide and drift are not known, you 
muſt attain the point it muſt ſet upon, both of the flood and ebb, 
from the chart of the coaſt you are failing along, by the times of 
high water at different places on the coaſt, and by the principles of 
fluids acting againſt ſuch rocks, ſhoals, ſand-banks, &c. By a ſtrig 
regard to theſe, both the drift and ſetting of the tides may be pretty 
nearly aſcertained and allowed for, 
Currents, the way they ſet you, and the diſtance you ſuppoſe yoy 
are driven by them, is to be ſet in the traverſe table for the day, 28 
any other courſe and diſtance. 


EXAMPLE V. 


Suppoſe I try the current, and find it to ſet W. by N. per com. 
paſs one mile per hour, the variation being one point eaſterly ; then 
if I fail in that current 24 hours, I ſet down in the table, as a courſe, 
W. N. W. diſtance 24 miles, | 

Heave of the ſea is to be accounted for in the ſame manner as cur. 
rents: as, ſuppoſe there is a great ſea heaving towards the S. W. by 
my compals, there being half a point weſterly variation, I then ſet 
down in my traverſe table S. W. by S. half weſterly, with ſo much 
diſtance as I judge the ſea has heaved the ſhip. 

At leaving the land, the oppoſite point of the bearing, with the 
variation allowed upon it, and the diſtance you judge yourſelf from 
it, mult be ſer down in the traverſe table as a courſe and diſtance, 


EXAMPLE VI. 


Suppoſe, having one and a quarter point weſterly variation, the 
Start bearing by my compaſs N. N. E. diſtant four leagues ; the 
oppoſite point to N. N. E. is S. S. W. which, with the variation, 
makes S. + weſterly, for the courſe to be ſet in the traverſe table, 
diſtant 12 miles. N 

When you make the land your bearing, itſelf (with the varia- 
tion allowed upon it, and the diſtance you judge yourſelf from it) 
is to be ſet down in the traverſe table, as a courſe and diſtance, This 
needs no example. 

The courſes marked on the log-board are courſes ſteered by the 
compaſs. In order to obtain the true courſe, it is neceſſary to al- 
low both for the variation of the compaſs, and for the leeway upon 
each courſe on the log-board, as has been ſhewn, before they are 
put into the traverſe table. 

Every day, at noon, the log-board is to be tranſcribed into the 
log-book, which is ruled exactly like the log-board. 

Mariners reckon by the civil account of time uſed on ſhore, but 
they keep the reckoning for the ſhip's place, by beginning at 

noon, 
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noon, and counting from thence 24 hours to the next noon: From 
noon to midnight they mark with P. M. ſignifying after mid-day ; 
and the ſecond twelve hours with A. M. ſignifying after midnight; 
ending their day's work at the noon of the civil day. Hence, their 
ſhip's account is twelve hours earlier than their ſhore account of 
time. And as the ſun's declination uſed for finally determining the 
ſhip's place at the end of the ſea-day is calculated for the noon of the 
common day at London or Greenwich, therefore the declination for 
the noon of the civil day muſt be taken for determining the latitude, 
&c. at finiſhing their day's account. Thus, a day's work marked 
Tueſday, May 6th, began on Monday at noon, and ends on Tueſday 
noon, ſo that the ſun's declination for the ſixth of May is uſed for 
the noon of Tueſday, and fitted to the meridian of the ſhip, accord- 
ing as ſhe is E. or W. of London. 

here are various methods of keeping a ſea journal, according 
to the ſentiments of various perſons, with regard to what deſerves 
being recorded : ſome approve of a journal including the log-book, 
each day's work at ſame length, and ſuch occurrences as 22 of 
moſt importance; while others prefer a ſhort abſtract of this long 
journal, containing little more than the courſe run, the latitude and 
ongitude in, and ſometimes the bearing and diſtance of the intended 
port for each day. 

In the following journal the long form is uſed as repreſenting more 
fully each day's work, and the neceſſary corrections; and an abſtract 
of this may be drawn out in the ſhorreſt form that ſeems conſiſtent 
with diſtintneſs. The Learner ought to be thoroughly acquainted 
with the long form, and when he does that, he may either continue 
it, or take the ſhorteſt form; or retrenching from the firſt, and ad- 
ding to the ſecond what particulars he thinks proper, and thereby 
make out a form adapted to his own particular taſte, 


RuLEs for correcting the DAD REckoninG 
by an Obſervation. 


Norwir HS TAN DING the rules already laid down for keep- 
ing a ſhip's way at ſea, yet by reaſon of the ſeveral accidents 
that may attend a ſhip in one day's run, ſuch as ſwelling ſeas, diffe- 


rent rates of failing between the times of heaving the log, want of 
. care 
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care at the helm in letting the ſhip full off, or come to, accidental 
currents, ſudden ſqualls, when no account can be kept, &c. the lati. 
tude by account and latitude by obſervation may very often differ, 
then it is neceſlary that proper corrections be made in the difference 
of longitude, 

When you have made all proper allowances you can, ſuch as for 
leeway, variation, currents, &c. and {till find that your latitude by 
account will not agree with your latitude by obſervation, then you 
mult correct as follows: 

Firſt, conſider whether you have made proper allowances for 
currents, heave of the ſea, if the courſe at the helm has been care. 
fully attended to, if the log-line and half- minute glaſs be juſt, and 
the log properly hove, or any ſudden ſqualls, or proper allowances 
made for the leeway, &c. which of theſe you conjecture your error 
is in; make what allowances you think meet to your difference of 
latitude and departure by dead reckoning, and ſee if that will reform 

our latitude by account, ſo as to make it agree with your latitude 

y obſervation ; if it does you have gueſſed right (for you mult al. 
ways keep to the latitude by obſervation ; it being the only thing 
to be depended on) ; but if it will not agree with the obſerved lati. 
tude, it is to be ſuppoſed that there are miſtakes in your conjecture, 
or ſome other cauſe which produces the error in the reckoning, and 
ſtands in need of being corrected. In this caſe, you are firſt to ex- 
amine your log- line and half-minute glaſs, and if there be an error 
in them, allow for it, as in the following examples: 


EXAMPLE I. 


Yeſterday at noon, we were in latitude 489 200 N. and till this 
day at noon we have failed S. S. W. 48 miles, S. W. by 8. 36 
miles, N. E. 24 miles, and find by good obſervation that we are 
in latitude 47 14/. 


TRAVERSE TABLE. 


COURSES. | DIsT. | N. 8. E. W. 
0:00; 48 | 444 18,4 
b. W. by S.| 36 29,9 | 

N. E. 24 .| 17,0 17,0 | 20,0 
17,0 | 7453 38,4 
I7,0 17,0 

b N 573 2154 
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By the Traverſe Table it appears, that by account the diff, of 
lat. is 57,3 8. and the departure 21,4 W. G 
Now the lat. left was — 48% 20'N, 
The diff. of lat. by account o 578. 
Latitude in by account 47 23 N. 
Differing 9 miles ſrom the true latitude by obſervation, 


Wherefore I examine the log-line and half-minute glaſs, and find 
that the former meaſures 52 feet between knot and knot, and that 
the latter runs only 27 ſeconds. Now, as the log-line and half- 
minute glaſs are both faulty, I correct my difference of latitude and 
departure as in Caſe III. and find my correct difference of latitude 
66,2 8. and my departure 24,7 W. 


Now from latitude left — 48? 20'N, 
Take diff. corrected for error in diſt. x 68. 


Lat. in, corrected for error in diſt. 47 14 


Agreeing exactly with my latitude by obſervation : I therefore con- 
clude my reckoning ſufficiently correct. Then, with the ditterence 
of latitude 66,2, and departure 24,7, together with yeſterday's lati- 
tude, I find the difference of longitude either by Middle Latitude or 
Mercator's failing. 

In the laſt example 57,3 and 21,4, multiplied ſeverally by 155, 
thrice the meaſured length of a knor, and divide the two products 
by 135, five times the meaſured time of the glaſs, will give the dif- 
ference of latitude 66,2 and departure 24,7, which is the ſame thing 
as if every courſe had been corrected ſeparately, 


EXAMPLE IL 


Yeſterday at noon we were in lat. 36® 15'N. and have failed 
theſe 24 hours S. E. + E. 55 miles, N. E. by N. 20 miles, W. S. 
W. 70 miles, S. by W. 4 W. 20 miles, and by obſervation this day 
at noon we are in lat. 34 50 N. 


— 'DVW⅜ 


Z 2 | Tur 
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Tur TRAVERSE TABLE. 


coURSEs. | DiST | N, 8. W. 
8. E. 1 E. 55 34.9 425 
N. E. by N.] 20 | 16.6 8 11.1 
W. S. W. 70 26.8 64.7 
, S. by W. IW. 20 19.1 388 
16.6 80.8 53.6 70 5 
16.6 53 6 
| 64.2 | 16.9 


By the Traverſe Table it appears, that by account the diff. of 
lat. is 64.2S. and the departure 16.9 W. 


Latitude failed from — 36* 15 N. 
Difference of latitude by account I 48. 
Latitude in by account —— 35 11 N. 


Differing 15 miles from the latitude by obſervation. 


I now examine the log-line and half-minute glaſs, and find them 
both right. Next I conſider whether there be any current, and! 
think I have reaſon to ſuſpect one; upon trial I find there is one 
ſetting S. S. W, 3 W, at the rate of 7 fathoms an hour, and judge 
I have been in it theſe 24 hours. Then 7 fathoms (or tenths of a 
knot) per hour, in 24 hours, makes about 17 miles; and to the dit. 
17 miles, and courſe S. S. W.3 W. the diff, ot lat. is 14,6 O. and 
departure 8,7 W, | 


| Diff. Lat, Dep. | 
Now by tra. table 64.2 8. 16,9W. | Latitude ſailed from 36 15/N, 
And by current 14,68. 8,7 W. Diff. of lat. cor. for cur. 1 198. 


—— — — — — 


Correct for cur. 78,8 8. 23, W. Lat. in correct for cur. 34 56 N. 


Which agreeing with my latitude by obſervation, I conclude that 
my reckoning is right; then having the latitude leſt, and latitude 
come to, the difference of longitude may be found either by Middle 
Latitude or Mercator's Sailing, as before. 

If, after all proper allowances are made for errors in diſtance, 
currents, &c, the latitude by account and oblerved latitude {hould 
di agree, then the reckoning muſt yet be further corrected z and to 
do which, the following are the common, and ſeem to be the molt 


rational methods, 
| 3 | CASE 


FFT 
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CASE I 


If the Courſe found by Dead Reckoning be leſi than three points, thirty- 
three Degrees, 


Bulk. To the difference of latitude and departure by account 
fnd a courſe; to this courſe and the difference of latitude by ob- 
ſervation, find the difference of longitude, either by Middle Lati- 


tude or Mercator's Sailing. 
EXAMP L E. 


Yeſterday at noon, we were in lat. 39 18“ N. by an obſervation, 
this noon we are in lat. 37* 48' N. and our dead reckoning gives 
107 miles of ſouthing, and 64 of weſting ; required the true differ- 
ence of longitude ? | 

To the difference of latitude 107, and departure 64, I find the 
courle 2 4 points; then with the meridional difference of Jatitude 
between the two obſervations 115, and tne ſame courſe, I find the 


true difference of longitude 69 miles. 


CASE Ib 


If the Courſe found by Dead Reckoning be more than three Points, or 
thirty-three Degrees, and leſs than fiue Points, or fifty-fix Degrees. 


RI E. With the diff. of lat. and dep. by account, find the diſ- 
tance; with this diſtance, and diff. of lat. by obſervation, find ano- 
the departure. Fake half the ſum of this dep. and dep. by account, 
for the true dep. with which, and the diff. of lat. by obſervation, find 


the diff. of longitude. 
EXAMPLE. 


| Yeſterday at noon, we were in lat. 52 40 N. and are this noon 
in lat. 54* 22 N having by accqunt made 84 miles of northing and 
76 miles of weſting; required the true difference of longitude ? 

To the diff. of lat. 84, and dep. 76, the diſtance is 113 miles, and 
the courſe 420. 

To dift. 113, and diff, of lat. between the two obſervations 102, 
the dep. is 47,7 ; then 76 added to 47,7 is 123,7, half of which is 
61,8 the true dep. 

To dep. 61,8, and diff. of lat by obſervation 102, the courſe is 
31, and with the courſe 31%, and the meridional diff. of lat. between 
the two obſervations 171, I find the diff. of long. is voz miles. 


& 2 CASE 
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CASE III. 
If the Courſe by Dead Reckoning be more than five Points, or fiſiy.x 


egrees. 


RurLe. Wich the diff, of lat. and departure by account find the 
diſtance; then with this diſt, and diff. of lat. by obſervation find the 
diff. of long. 


EXAMPLE. 


Yeſterday at noon we were in lat. 38? 52 N. to-day at noon we 
are in lat, 4018 N. and by account have made 68 miles northing, 
and 112 miles of weſting; required the true diff. of longitude ? 

With the diff. of latitude 68, and departure 112, J find the dif. 
tance 132 miles, and to diſtance 132, and difference of latitude by 
obſervation 86, the courſe is 49 30 nearly; with this courle, and 
the meridional difference of latitude between the two obſervations 
I11, the difference of longitude is 130 miles. 

The reaſon of the above rule is plain, if we conſider, that when 
a ſhip fails near the meridian, it will require a ſ-nfible error in the 
courſe, to make any conſiderable error in the difference of latitude; 
which can hardly happen if proper care is taken at the helm ; and 
therefore it is moſt likely that the error is in the diſtance run; but 
when the courſe is near the middle of the quadrant, or between; 
and 5 points from the meridian, it is then probable the error may be 
in both courſe and diſtance; and when the courſe is mare than five 
points from the meridian, it is then moſt likely the error is in the 
courſe, as it will require a great error in the diſtance to make any 
conſiderable one in the difference of latitude. 

Nor. As the true place of a ſhip depends upon her latitude and 
longitude being truly aſcertained, | have ſet theſe down only, the 
reſt being of leis conſequence to the mariner. 


To correct for ſeveral Days. | 


By help of the three preceding rules, the longitude may always be 
corrected for a ſingle day, but if an obſervation has been wanted for 
one or more days, then mark the latitude and longitude at laſt ob- 
ſervation, or if this be your firſt obſervation ſince leaving the land, 
mark the latitude and longitude of the land you left; this is the only 
latitude and longitude you can call certain; all the following part of 
the reckoning muſt undergo a correction, which is made as follows: 

Take the northings, ſouthings, eaſtings, and weſtings, that you 


have made ſince your laſt obſervation; or if this be your firſt obſer- 


vation, then for every day from your leaving the land, minding not 
to leave out the difference of latitude and departure of the day you 
correct on, and bring them into the Traverſe table, by which you 
will have the yhole difference of Jatitude and departure by _—_— 

| ince 
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ſince the laſt obſervation; and with that ſame difference of latitude 
and departure find the courſe by dead reckoning ; then obſerve which 
of the foregoing caſes that courſe falls under, and correct by the rule 
for that caſe. But when an obſervation has been wanting for ſeveral 
days, then mark the latitude and longitude you were in at your laſt 
obſervation, of leaving the land as betore, and then you may correct 
with a greater degree of certainty, eſpecially in high latitudes, by 
the following rules : | 


CASSEL 


Reckoning from the laſt certain latitude and longitude. 

When the courſe given by the meridional difference of latitude 
and difference of longitude by account, taken as difference of lati- 
tude and departure, is leſs than three points, or 33 degrees. 

Rol. To the meridian difference of latitude and difference of 
longitude by account (taken as difference of latitude and departure 
as ſhewn in the Mercator's failing,) find a courſe; with this courſe, 
and the meridian difference of latitude by obſervation, find a cor- 
reſponding departure, which will be the correct difference of lon- 


gitude. 


\ 


EXAMPLE L 


Having failed three days ago from latitude 40 57/N. and got-no 
obſervation till this day at noon, and find I am in latitude 45 23/N. 
and by dead reckoning | am in 45 12 N. having differed my longi- 
tude 173 miles; required my difference of longitude ? 


M. Parts. | M. Parts, 
Lat. failed from 497 N. 3470 | Lat. failed from 49? 57' 3470 
Lat. by account 45 12 N. 3047 Lat. by obſer. 45 23 3063 


Merid. diff. of lat. by acc. 423 | Mer. diff. of lat. by obſ. 407 


To meridian difference of latitude by account 422, and difference 
of longitude by account 173, the courle is 2215. Then with the 
courſe 220 155 and meridional difference of latitude between the 
obſervations 407, I find the difference of longitude is 167 miles. 


CASE H. 


When the courſe given by the meridional difference of latitude. 
and difference of longitude by account, (taken as betore) is greater. . 
than 3 points, and leſs than 5 points. 

Rull E. To the meridian difference of !atitude and difference of 
longitude by account, taken as difference of latitude and departure, 
find a diſtance; with this diſtance, and meridian difference of lati- 
tude by obſeryation, find a correſponding departure; balf the ſum 


of, 


by 


182 | RULES FOR CORRECTING 


of this departure, and the difference of longitude by account, is the 
correct difference of longitude. | 


EXAMPLE IL 


Three days ago we were in latitude 45 23 N. and have fince that 
time failed between ſouth and weſt, have by dead reckoning altered 
our latitude 94 miles, and our longitude 147-miles; but by an obſer. 
vation this day, we find we are in latitude 45 34; required the cor. 
rect difference of longitude ? 

M. Parts. M. Parts, 
Lat. ſailed from 459 23 N. 43063 | Lat. failed from 459? 23 N. 306; 
Lat. by acc. 43 49N. 2931 | Lat. by obſer. 43 34N. 2910 


— 


— — 


Mer. diff. of lat. by account 132 Mer. diff. by obſervation 153 

With the meridian difference of aticude by acc. 132, and diffe- 
rence of longitude by acc. 147, I find the diitance 198, and courſe 
48. Then to diſtance 198, and meridian difference of latitude by 
obſervation 153, the dep. is 125; now 125 added to 147 is 272, 
and half this ſum, viz. 136, is the correct diff. of longitude, 


CASE II. 


When the courſe given by the meridian difference of latitude and 
difference of longitude by account (taken as before) is more than 5 
poin's or 56 degrees, 

RuLtst.—To the meridian difference of latitude and difference of 
longitude by account, taken as difterence of latitude and departure, 
find a diſtance. 

To this diſtance and meridian difference of latitude by obſerva- 
tion, find a correſponding departure, this departure will be the cor- 
rect difference of longitude. 


EXAMPLE III. 


Two days ago I was in latitude 43* 34'N. and have. fince then 
made by account 50 miles by ſouthing, and 256 miles difference of 
longitude weſt, but find by obſervation that J am in 42? 30 N.; 
what is my true difference of longitude ? 

M. Parts, M. Parts. 
Lat. failed from 439 34N. 2910 | Lat. ſailed from 43* 34' 2910 
Lat. by account 42 44N. 2841 | Lat. by obſer. 42 30 2822 


— — — — 


Mer. diff of lat. by account 69] Mer. diff. of lat. by obſer. 88 


Then to meridian difference of latitude by account 09, and diff. 
of longitude by account 250 (taken as — of latitude and 
departure), the diſtance is 265, and courſe 5 degrees. 

And to diſtance 265, and difference of latitude 88 (the meridian 
difference of latitude by obſervation), the departure is 250, which 
is the correct difference of longitude. 


Here 
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Here we have given at ſome length the different methods of cor- 
recting the dead reckoning by an ovtervation, which are readily done 
by the table of difference of latitude and departure. 

The ſhip's way is generally greater than the diſtance given by the 
log, and it is always ſafeſt to have the reckoning a head ot the thip, 
that the mariner may be looking out for land, and not make it before 
he is aware of it. | ; 

When a great ſea ſets after the ſhip, it is common to allow one 
mile over for every ten given by the log, for the heave of the fea; 
but if the ſea be ag inſt or athwart her, her diſtance muſt be leſs 
than that given by the log. 

The error in the ſh:p's reckoning is frequently attributed to un- 
known currents; for by various cauſes yet undetermined, there are 
many counter motions of the water in the open ſeas, as well as thoſe 
obſerved near the ſhores, where the motions may be tol-rably well 
accounted for. Some of the obſerved currents in the gicat ſeas may 
perhaps be owing to the tides following the moon, and to the libra- 
tory motion the waters may have thereby, and the unſettled ſetting 
and drift of theſe currents may poſſibly depend on the change in the 
moon's declination. ticwever, it is well known from obſervations, 
that the trade winds occaſion a conſiderable current within their li- 
mits, particularly within the Torrid Zone, where the motion 1s per- 
petually towards the welt, at the rate of 8 or 10 miles a day, but at 
the extremities of the trade-winds, or near the latitudes, of 30? N. 
or S. it is likely that the currents are compounded of the ſaid weſt- 
ern motion, and of one towards the equator z there'ore all ſhips fail» 
ing within theſe limits ſhould allow a courſe each day for this cur- 
rent, 

Norg. When the difference of latitude by account is leſs than 
the difference of latitude by obſervation, the ſhip is a-head of the 
reckoning, but if leſs, the reckoning is a head ot the ſhip. 

When the mariner is dubious of his account of longitude, he ge- 
neral'y runs into the latitude of the intended port, and then fails E. 
or W. if there be ſea-room, according as it is ſituated, and keeps a 
good look-out for the land. 

The method I have choſen to introduce the young mariner into 
the moſt capital part of navigation is, by ſhewing him firſt how to 
work a few ſeparate day's works independent ot each other, and 
then proceed to a continued journal 'from London to Madeira and 
Teneriffe, in which will be inſerted moſt of the occurrences that 
commonly happen at ſea, or in harbour. | 

1 have ſeen many young navigators, who have been taught the 
principles of navigation on ſhore, very deficient in keeping a journal 
at ſea; and therefore muſt requeſt the | cacher not to omit putting 
the pupils over the following Journal, which will render them ready 
at working a day's work at ſca, and confirm in their memory thoſe 
rules they have been over, 

EXAMPLE 
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: SSEAMPFLS I, 

Yeſterday at noon we were in the lat. of 46 28'N, and long. 22 18 W. 3 
have ſailed till this day noon, as by the log- board, the tide having al} the time 
ſet S. by E. 24 miles per hour; required the ſhip's place and the direct chu. 
and diſtance made good? l 


| 


: 


— *— m 


Lat. in 45 17 N. M. Par. = 305 
Sum lat. 91 45 Mer. D. Lat. = 102 


1 Mid. Lat. 45 52 
Co. M. Lat. 44 08 


Long. left 22 18 W. 


' 


| LoG-BOARD, TRAVERSE TABLE. | 
2 af Courltes. | Winds, L. Way] Courſes. Diſt.] N. | 8. E. IV. 
| | 4 ;|N.N.E.| w. N. N. E. 31 [28.6 29 {| 
2 E. N. E. 35 [13.4 32.3 
| 3 E. by S.] 36 7.6 35.3 
4 8. 8. E. 51 47.1]  1C | 
5 S. by E.] 60 58.8 11.5] | 
| © N. SIN. W. — | 
- 42. Of 112.9] 110.7 Dey 
bo | 42.0 | 
9 | | | 
10 | Diff. Lat. 70. | 
11 Lat. left 4628 N. M. Par. = 517 
40 E. b. 8. N. Diff. lat. I 118. 7 
2 
3 
4 
5 
6 
1 
8 
9 


Diff. of Jon. 2 39 E. or 2* 40 


Dees 
wo wnaw COLSWwoONvPSowwvUnSsec AA Oo = O04 vm » wo 


Long. in 19 39 W. 


Direct Courſe S. 57? 22“ E. 
© | Diſtance 131 miles, 


—ñ—— 


— 


The courſes and winds on the log board being examined, it appears that the ſhip 
goes large and has no lee - way; therefore the ſeveral courſes from the log-board 
are entered in the Traverſe Table without alteration. 

Next the fathoms and knots belonging to each courſe are ſummed up, and the reſults 
are put in the column of diſtances in the Traverſe Table: and to thefe courſes and 
diſtances, the whole difference of latitude, departure, courſe and diſtance made 
good, are found as above. | | 

Then having the latitude left, and the latitude come to, find the complement of the 
middle latitude, and with that and the departure, find the courſe, &c. by middle 
latitude failing. 

Or with the courſe, and meridional difference of latitude, find the difference of lon- 
gitude, by Mercator's Sailing. 

| Note. When the odd fathoms are above five, we allow one knot, but, if under 

five, nothing is allowed, f 


EXAMPLE 
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EXAMPLE ll. 


ſune 29, 1709 ; being yeſterday noon in latitude 25* 30“ S. and longitude 105 E. 
we have ſailed till this day noon, as per log-board, in a current ſetting ſouth 2& 
miles an hour, the variation 11 point weſt; required the thip's place? 

BE LoG-BoaRD. TRAVERSE- TI ABLE, | 

HiK FI Courſes. | Winds. jL.Way || Couries. Ditt. | N. 8. E. W. 

6 of S. W. W. N. W.] x JS. by W. W. 30 28,7 8,7 
2] 6] 2] S. by E. T K. | 32 30,6 | 943 
3 6 4 2 8. 2 E. 30 2949 2,0 
46 © S. E. by E. 2 E 39 15,4 [344 
| 5| 3 S. by E. 1 E. vo 57.4 [17,4 
6660 ofS. by W. W. by 8. 1 — — — = 
715117 Diff, Lat. 165,0 64,9 | 8,7 
gf 5] 2 Was; 

10 5| 3 | [55:3 Dep. 

111 5 5 Diff. lat. 2 458. 

1 5| 2, S. S. W.| W. I Lat, left 25 30S, Mer. parts 1583 
1 5 2 3 
51 Lat. in 28 15S. Mer. parts 1768 
3] 4] 6 — ; — 
451 Sum lat. 53 45 M. diff. lat. 185 
1 7 
6] 5] 258. E. bys. S. W. by S.. 1 Mid. lat. 26 52 | 
11 5} 4 8 — 

9 5| 4 Co. m. lat. 63 08 
9] 6] © — 

10] 6 of - Long. left 10 15 E. 

1 5 4 Dif. Long. 1 02 E. or 1% 017 T E. 

2] 515 | 

Long. in 11 17 E. 
Courſe is S. 18 30 E. 
52 5 Diſtance 194 miles. 


_ 4 


The courſes and winds on the log-board being examined, it appears that the ſhip is 
cloſe hauled on each tack, and one point lee-way being allowed, reduces the 
courſes, and taking a courſe for the current S. theſe ſeveral courſes being cor- 
rected by the variation 1 4 point weſt, give thoſe in the traverſe table, to which 
the whole difference of latitude and departure is to be found as above. | 

And hence the latitude and longitude in may be found, elther by middle latitude 
or Mercator's failing ; for as the ſhip is near the Equator, the difference will 


be almoſt inſenſible. 


NoTs. In the two following examples, the conrſes ars corrected to the neareſt de- 
grees, as ſet down in the traverſe table, and the odd minutes are rejected. 


A 2 EXAMPLE 


* 
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EXAMPLE III. 


Yeſterday at noon we were in latitude 33% 40'N. longitude 16 20' weſt, the fun 
was obſerved to ſet 0% 18' from the north point of the compaſs; we have feed 


this day noon, as per log board, in a current ſetting W. S. W. 14 mile per, hour; 
required the ſhip's place, and her courſe and diſtance to the welt end of the 109d 
of Madeira ? 
L.G-BOAR PD. | RKAVER*E | ABLE, 
HK | F |] Courſes. | Winds. L. Way Courtes. |Ditt.} N. 8. E. | W. 
1] 6} 2]S. by W.] W. S. o1* E. 40 40,0 | 0,7) 
2 6] © S. 10 W. 70 68,9 12,2 
343 S. 44 W. 58 41,7 49,3 
4| 7] © S. 55 W. 36 10,6 29,5 
| 7] * „ 3 
6 7 3 Diff. lat. 171,2 0, 82,0 
7! 72S. W. by S. W. by N. 0,7 
8| 7121 — 
191074 Dep.] 81,3 
100 7 6 | Before the courſes can be corrected to 
11] 7] 4 put into the Traverſe Table, the variation of 
12] $| 1 the compaſs muſt be found from the ſun“ 
11 8] © true amplitude. 
2|8| 5 The declination is 229 30“ N. 
3] 8] 2 As col. lat. 339 40“: rad. : : fin. 220 300: ſine 
4 7] $S-WbyW.| N. W. a9 28" 
$1 7] 3 | So that the true amplitude = N. 6223%'\W. 
6 6] 6 Mag. amplitude = N. 50 18 V. 
7] ©| 4 
8| 6] © | Variation = 12 20 W. 
9] 6| 2 The courſes on the log-board being cot. 
100 6 1 rected by this variation and the lee-way, wil 
11] 6] 3 give the courſes fitted for the Traverſe Ta- 
121 6| 1 , ble. 
Lat. left — 33* 40 N. If Madeira's lat, 32% 3o'N. M. parts 2064 
Diff. lat. — 2 518 Lat. in 30 49 N. 1645 
Lat. in — 30 40 N Diff. lat. 1 41 = 101 miles 119 
Sum lat. — 64 29 Sum lats. 63 19 
Mid, lat. — 32 14 Mid. lat. 31 39 
Co. mid. lat. — 57 46N — 
— Co. mid. lat. 58 21 
Long. left — 16 20 W. — 
Diff. long. — 1 36 W. || Madeira's long, 17 26 W. 
: — Long. in 17 56 W. 
Long. in — 17 56W 
30 E. 


Diff. long. O : 
| The courſe N. 14 3 E. diſt. 104 miles. 


In the work for the amplitude, the latitude at ſun-ſet was taken the ſame as at 
noon ; for although there were about 46 miles of ſouthing in that time, and 10 the 
latitude at ſun-ſet was about 34 52), yet the amplitude being only 15, leſs, the al- 
teration in variation would ſcarcely affect the difference of latitude and departure 


found from the courſes fo corrected. 


— 
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Ex 4A EF 4 


' Yeſterday at Noon we were in Latitude 19 30'S, and Longitude o 10 E. This Fore- 
noon we obſerved the Sun's Altitude to be 109 40 when he was 80? 30 trom the North 
Point of the Compaſs, Declination being then 17“ 27 N. we have failed dll this Day 
Noon, as per Log- Board, in a Current ſetting by the Compaſs W. N. W. Mile an 
Hour. Required the Ship's Place, and her direct Courſe and Diſtance to the Iſland of St, 


Helena. 


| 


LoG-BoARD. 


| Lee - 

NK FJ Courſes. | Winds. way. 
1 6 JJ N. by E. E. by N. « 

21 6 2 

194 

4 - 3 

5| 6] 1 

6! 6] © 

"| $8 North. E. N. Z. 1 

81 5] 4 

7.3 © 

100 5 3 | 

11 5 6 

12 51 9 

i157 

2 6 4 N. N. W. . 1 

31 618 

41 71 © 

| 7} 3 

60 7] 6 

7171 5 

$1710 

9 7] 

10 7] 4 

11] 6] 3 

12] 6] © 
Dif. Lat, 2%66N, M. Parts. 
Lat. left 19 308. 1193 
Lat. in 17 248. 1060 
Sum Lat, #2)36 54 Mer.dif.L. 133 
Mid. Lat. 18 27 

90 oo 


Co. Mid. Lat. 7133 
Longitude left 
Diff. Long. 


Preſent long. 


ooꝰ 10˙ E. 
1 38 W. 


TY 28 W. 


TS A VERSE TABLE. 
Courſes. via. N. S. E. V. 
N. x3*W. 837.0 8.5 
N. 25 W. 39 | 35-3] - 16.5 
N.47 W. | 76 | 51.8 55-6 
N. 82 W. | 13k % 11-9 
126. o Diff. Lat. Pep 92.5 
* b 
Lat. 1930 S. Alt. 10%0 Dec. 17%7 N. 
go CO 90 o 90 oo 
Co. Alt. 79 20P. Diſt 107 27 
Co. Lat. 70 30 Co, Sec. o, oa 365 
Co. Alt. 79 20 Co. Sec. 0,007 57 
P. Diſt, 107 27 
Sum 357 17 
Sum 128 38 Log. Sine 9,9274 
F. Diſt. 107 27 
Rem. 21 11 Log. Sine 9755793 
2)19,48389 


Co. S. True Azimu. = 5630 —9, 74914 
| 2 


113 co from the 8. 
180 00 
—ñ—j4ä — — 


67 oo from the N. 


True Azimuth 


True ditto 


Mag. Azimuth 80 3o from the N. 
Variation 13 30 W. 
Lat. in 1724 8. Long. in 1928 W. M. P. 1060 


—ͤ—— — 


St. Hel. L. 15 55 S. St. Hel. lo. 5 46 W. M. P. 968 


—— — — — 


Diff. lat. 129 Diff. long. 4 18 M. D. Lat. gz 
60 60 
In Miles 89 In Miles 288 


With the Meridional Difference of Latitude 
and Difference of Longitude, the direct Courſe 
to St. Helena is found S. 70? 22 W. and with 
that Courſe and the proper Difference of Latitude 
the Diſtance is found 265 Miles. 


In this Example the Azimuth is worked with Yeſterday's Latitude and Declination, but 
had it been worked with this Day's, the Variation would have been 32% 26'W. 
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JOURNAL OF A VOYAGE 
LONDON TO MADEIRA, 
TENERIFFE, 


FRANcEs, of London; 
WILLIAM JOHNSON, Cou MAN DER; 


KEPT BY 


FOSEPH MILLS, Mat. 


Departure taken from the Lizard in Latitude 49® 57'N. Longitude 
5 14 W. bound for Funchal, in Madeira, in Latitude 32 28'N. 
Longitude 17* 5 W. and to Teneriffe in Latitude 28* 14'N, 
Longitude 10? 6 W. bearing from the Lizard-Point S. 20˙58 
W. ciſtance 1166 Miles. 


Begun April 1, 1799. 


In the following JOURNAL are exemplified, the Manner of al- 
lowing for the Variation, Lee-way, Lying-to, Calms, Currents, 
Heave of the Sea, &c, and to correct the Dead Reckoning, by an 
Obſervation, in all Caſes; with moſt of the Occurrences that com- 
monly happen at Sea, and the Ship's Way pricked off on Merca- 
TOR's CHART, 


— 


— — — 
* * * 7 - T 
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Wedneſday, At 5 A. M. the pilot came on board; then weighed 
April 1, and ſailed from Tower Wharf; at ii came to with; 
1799. the beſt bower at Blackwall. Wind S. S. W. 
1 — 
V reſh gales and cloudy weather, with rain. 
Thurſday [At 5 A. M. weighed and failed, at ꝙ came to a 
2. anchor at Graveſend, and cleared ſhip. Wine 
from S. S. W. to N. N. W. | 
At 4 P. M. weighed and ſailed, moderate weather; 
at q came to with the beſt bower at the Nore in 
Friday 9+ fathoms, freſh gales; at 4 A. M. weighed 
| 3. and ſailed; at 11 came to anchor in the Downs 
in 7 fathoms, Deal Cattle bearing W. Z 8. 
diſtant 3 miles. Wind W. by 8. 
At 1 P. M. ſet the Pilot on ſhore. Theſe 24 
Saturday | hours, tne firſt and middle parts moderate and 
4+ fair, the latter part ſtrong gales and cloudy ; 
hoiſted the boats in. 
Strong gales and cloudy; at 2 F. M. veered out! 
the long ſervice of the beſt bower, got top- 
Sunday gallant yards down; at 4 P. M. ftruck yards 
5, and top-maſts, "Theſe 24 hours had very harc 
gales of wind. Wind W. by 8. 
Theſe 24 hours, for the moſt part, freſh gales: at 
4 A. M. hove up the beſt bower, and let go 
Monday the (mall bower: at ꝙ hove up the ſmall bower, 
6, and let go the beſt bower again; people em- 
ployed in making points and gaſkets. 
At GP. M. ſtrong gales with heavy rain; at 8 veered 
Tueſday | out the long ſervice, and let go the ſheet anchor 
7. under foot; at 9 A. M. hove up the ſheet an- 
| chor. Wind variable from S. by W. to W. 
Wedneſday Iheſe 24 hours, for che firſt and middle parts, mo- 
g derate and fair; the latter part, ſtrong gales. 
5 Wind W. by S. 
Theſe 24 hours, freth gales and fair; at 3 P. M. 
Thurſday got top-gallant mall down; at 10 4 got 
ge yards and top-maſt up. Wind E. S. E. 
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| | Lee-| REMAREs on board, Friday, April 
H. X. F Courſes. Winds. [way. 10th, 1799. | 
3 FOR" 8 1 — — 
2 8. by W. W. N. IW. At 2 P. M. hove ſhort. 
4 At 4 weighed and failed in Co. with ;| 
6 40 Gun Man of War, and 20 Sul gt 
8 Merchantmen. 
10 W. N. by W. At 6 S. Fore land bore N. N. W. diſt. 4 M. 
12 S. W. by W. IW At 2 A. M. Fairlee bore N. diſt. 6 M. | 
2 At 6 Beachy bore N. by W. 6 Miles. 

4 W. N. W. W. N. W. At 8 Beachy bore N. E. by E. 9 Miles. 
6 W. S. W. N. by E. Freſh Gales and clear, ſeveral Ships 
8 ſtanding up Channel; cloſe rec fed both 
10 Topſails. | 
12 \ At 12 Bembridge P. bore W. N. W. 27 M. 
| | | Rill in Company with the Fleet, | 


: 
. 
LR #4} (| 


Lee- 
H. 17 Courſes. Winds. [way. 1 on board, Saturday, Ap. 11, 
— | ——; — — — — — 
ee. Nek. 
e W. 18. 
„ Freſh Gales and clear. : 
. At 4 P. M. parted with the Fleet, they 
. being bound to Spithead. Dunnoſe 
4 6 bearing W. N. W diſtant 21 Miles. 
2 8 At 5 let out one Reef of each Top. ſail. | 
3-4 | 4 At / A.M Portland Light bore WN. 
„ W. 9 Miles. | 
Si &j © At 10 A. M. it bore N. E. 12 Milzs, 134 
10 4 2 |S. by W. W. N. N. E. | Sail in Sight. | 
e | | 


Being upon the Coaſt this laſt Day, the Log is hove, and the Bearings aud 
Diſtances ct Lands, Rocks, Sands, &c. as you approach them, muſt always be 
fet down, and ar- of the greateſt conſequence, eſpecially in bad Weather, or when 
you are in Danger of being drove out of your true Courſe, in the Night, or in a 
Fog ; ſo that you may at any Time determine, by your Reckoning, or the 
Chart, the Ship's Place, and ſail Courſes and Diftances as Circumſtances require, 
m order to paſs Places of Danger, and to have it always in your Power to take 
our Departure from ſome known Place, in caſe you ſhould be drove out to Sea 
in the Night or in foggy Weather, when no Land can be ſeen. For it ſometimes 
happens, that in working to Windward in the Engliſh Channel, E. of Dunnole, 
Ships by making too long a Board, have got upon a Sand called the Owen, 
which lies from Dunnoſe E. + N. 25 Miles. It is therefore abſolutely neceſſary 
to have good Draughts of the Coaſts you ſail upon, unleſs you are well acquainted 
with them mdecd, 


— ——¶˖ ns 
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1 


Lee- 5 
K. F. Courſes, Winds. way. RT MARK Son board, Sunday, Ap. 12, 1799. 


— — — 


— — 


— — 


Theſe 24 Hours moderate Gales and fair 


Weather. 
4 S. W. byw. W N. E. At 6 P. M. the Lizard bore N. by E. 2 E. 
8 Diſtance 6 Leagues, from which I take 
5 my Depar. it being in the Lat. of 49% 57' 
5 N. and Long. 5 14 Weſt of London. 
5 5 [S. W. JW. Several Sail in Sight, kanding to Weſtward. 
. 
3 At Noon, Uſhant N. 80 26 W. Diſtance 
5 5 54 Miles. 
12 | 6 Variation 24 Points Weſterly, 
£007 | bay Lat. by | | Bearing and 
Courſe. Diſt. S. WI D. R. Lat. by Obſ. Mer. Diſt. Diff. Lon. Long. in. | Dit. 
8.20 30 107% 48048. 21 1 | 0* 48 1* 14 “ 28 W.,Funch.S.27 
(W. | | -1 | | IWD1o59SMJ 


| 


The Lizard bearing N. by E. E. Diſt. 6 Leagues from the Ship, is the ſame as if the 
Ship had ſailed from the Lizard 6 Leagues or 18 Miles upon he oppoſite, or S. by W. $ W. 
Point of the Compaſs, and allowing fer the Variation, as before taught, makes it S. half E. 
diſt. 18 M. which is to be ſet down as the firſt Courſe and Diſtance in the following Tra- 
yerſe Table. 

The firſt Courſe ſteered by Compaſs is S. W. by W. W. which, allowing for the Varia- 
tion, makes S. W. by S. half W. and the ſum of all the Diſtances ſailed on that Courſe till 
two o'Clock, when it alters, is 13 Miles and an half, which being doubled, becauſe the 
Log is heaved every two Hours, gives 37 Miles; fo the ſecond Courſe and Diſt. to be fer 
down in the Traverſe Table is S. W. by S. half W. 37 Miles. In like Manner the ſecond 
Courſe ſteered is S. W. 3 W. and the Variation allowed makes it S. S. W. balf W. and the 
Diſt. on that Courſe ſummed up and doubled, gives 56 Miles; therefore the third Courſe 
and Diſt. to be ſet down in the Traverſe Table is S. S. W. half W. 56 Miles. Having 
found the whole Difference of Latitude and Departure made upon the ſeveral Courſes, I 
then mark down upon my Slate or Paper what every thing that is to be found comes to, 
and afterwards ſet them down in their proper Columns as above. 

— Now to Diff. of Lat. 95.9 S. and Dep. 47. 1 


L — 7 Wi. the Courſe is S. 2633 W. Diſt. o Miles; 
Courſes. Diſt. N. S. E. W. the nLat. failed from, orLiaard's Lat. 49 5% N. 
roman — , , — — 1 368. 
8. IE. | 18 12.2 1-0 Lt. in, or Ship's Lat — 48 21N. 
W. bys. 4 W. 37 28.5, 2 53 Sum of Lats. — — 98 18 
S. S. W. 4 W. 56 49 4 26 4 Middle Lat. — — 49 og 
* | Com. of Middle Lat. — 40 52 
95-9 49 9 : f , 1 
1.81 Then with this Com. of Mid. Lat. 40% 
. or 41 found as a Courſe among the Degrees, 
48 1 and the Dep. 48. 1 in itz Column, in the Diſt. 
| | Col. ſtands 74, which is the Diff. of Long. 


Or, with the Courſe 26 30 and Meridional Diff. of Lat. 147, the Diff. of Long. is found 
to be nearly 74 by Mercator's failing. 

Longitude failed from, or Lizard's Longitude 5 14 W. ) This being the firſt Day fince 
Difference of Longitude 74 Miles 1 14 W. leaving the Land, the De- 
Longitude in, or Ship's Longitude 6 28 W. parture is the Mer. Diſt. 


To find the Bearing and Diſtance of Uſhant. 


Latitude in 48“ 21N. Mer. Parts 332: Longitude in 69 ua -. 
Uſhant's Lat. 48 30 N. Mer. Parts 3337 Uchant's Long. 5 5 W. 
Difference of Lat. 9 Mer. Diff. of Lat 14 Diff. Long. I 23 


With the Mer. Diff. and Diff. Long. Uſhant is found to bear N. o 26 E. and with that 
Bearing, taken as a Courſe, and the proper Difference of Latitude, the Diſtance is found 54 
Miles,---The Bearing and Diſtance io Funchal is found in the ſame manner. 


* 
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K 


* 


— —— 


The Variation being allowed on each Courſe, and the Diſtances ſummed up, as be ſore 
taught, the Traveric Table will ftani thus: 


Wich the Difference of Latitude and De- Tazaverssz TABL 2. Trey 
parture the CoDurſe is found S. 30 of W. and | Fee! PAR — 
the Diſtance 10% Miles. | 

* — . p C ſz * 11 . . - 4 
Dit. of Latitude 1? 33S. Mer. Parts 3 NG 8 - E. 0 
Latitude leſt "EN 21N, 332 305 5 * S.1W, 43 43-2 27 j 

* . W. W. | 9 34 + 4 18 4 
Latitude in 46 45N, | 318105. by W. W. 27 25 8 | 7. 
Sum. Lat; 5 o Mer. Diff. L. 13 r N WHEL 

95 A 2 | "pg 93-4 Dep. 53 5 

Middle Lat. 47 34 | — 
90 OO The Diſt. of Long. is ound by Mercator's, 
— or Middle Latitude Sailing, to be 19 19 W. 
Com. Mid. Lat. 42 26 Veſterday's Longitude 6 28 W. 
I.ongitude in _ 7 . 


This Day's Departure being added to the Mer. Diſtance Yeſterday, gives 1” 41, thy 
Mer. Diſtance to-da 7 


To find the Bearing and Diſtance of Cape Orteg l. 


Latitude in . 46? 48N, Mer. Parts 3185 Longitude in 7 47 W. 
Capes Latitude 43 46N. Mer. Parts 2926 Cape's Long. 7 36 W. 
Diff. Lat. 3 2 Aer. Diff. Lat. 259 Diff. Long. 11 
* 60 

In Miles 182 


With the Meridional Difference of Latitude and Difference of Longitude, the direct 
Courie to Rp Ortegel is $,2* 25 E, and with that Courſe and proper Difference of 
Latitude, the Dittance is 183 Mites. 


NoTE. As the Table of Difference of Latitude and Departure are only calculated w 
ſingle Degrees, the neareſt Degree to the Com. of Middle Latitude is to be taken in 
working by Inipection to find the Diftcrence of Longitude by, wh ich is near enough 
for all common Purpoſes at Sea; thus ihe Com. of Mid. Latitude \ is 42? 26', for which 
I take 42“ to find the Difference of Longit ug Inc lame may be obſe rved in n. ding tue 
Courſe made good, the neareſt Degree | or 1 Deg: ec ty the Courſe is always ſet downy 
and will be found fufficiently 2zaft. 


| [Lee- area 
H. K. | F. +. Courſes. | Winds. [wa E Enn. on board 00 pr. 13.177 5 
2 | 6 . W 9 W. W N. | Theſe 2 24 4 Hours a 0. bs mad; cloudy 
1 | 5 | Weather. 
6| 5 | N. W. At 4 P. M. Spoke the Charming Nancy, 
8 5 | | trom Carolina, bound to London. | 
10 3 |. 6 18. w. 1 W. | 
2 J + | 
| 2| 3] 4 | 
& | 4 5 | | 
i=&7 6 At6AM.got theBowerAnchorson the gun. 
AN - 5 S. W. byS WW. N.W nel, and unbent the cables and ſtow edit them | 
ic | 4 5 At Noon C. Orte gal bore S. 2 26 E. Diſt. 
8 1 183 Miles. 
ö Variation 2 2 Points Weſterly, 
[ DifR.1 Lat. by 1 Lat. 'by f Mer. " Dif. | Beariogs and 
Cnu rſe. [Diſt. Lats . Dep. D R. Obi. Diſtance. —.— Long. in. | Dic. 
| | 93 E. | Funch 8.20 26 Y 
S, zw. 108 S. | W. 16 48 | E 7* 47 w. 30 W. W. Do; 1 1 
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Py 5 ‚ Lee- REMA Es on Board, Tueiſday, April 14, 
H. K. F- | Courſes. | Winds. [way. 1799. 
ek 4 | S. W. [VW N. W.] © [Theſe 24 hours moderate gales and clear 

414 weather. 

6| 4 At 6 P. M. ſaw a ſhip to the weſtward, 

$| 4| 4 |S. W. by S. |W.byN,] 4 90 
10 4 5 Obſerved the ſun's mer. alt, at noon6x 40 

6 
jo : 5 Zenith diſtance — 28 208. 

1414 8. S. W. Weſt, I Declination — 17 oN 

6 , 

g : Latitude — 45 23 N. 
10 4 At Noon C. Ortega S. 10921 E. diſt. 99M. 
914 Variation 1 4 Point Weſterly. 

| Dit, | Lat. by|Lat. by Mer. | Diff. | Long. ys 
Court. log. [Lat Dep.] D. R. | Obſ. | Diſt. | Long in. Bearing and Dift. 
| | | | | 5 S. 28% 4% W. 
g9 ow. 97 | 96 | 14 | 45-12145. 43 [12 5F] 00 21 | 8.01 Diſt. $73 Miles. 


By allowing for Variation and Leewav the Work will be a5 follows: 


LRAVERSE i ABLE. = — 
Wich the diff. of lat. and dep. the courſe is 
found S. 80 3&/ W. and the diſt, 97 miles, Courſes. Diſt.] N. |S. IE. W. 
Diff. Lat. 10 3608. Mer. parts. | CD Cs Le 
Lat. left 46 48 N. 3185 [ 8. S. W. IW. 24 21.2 11.3 
Dn 3947 | S. by W. 35 LYK 7. c 
Lat. in R. 45 12 — 8.1 E. 7 +8] 3. 
p Mer. dif, lat. 138 1 y 1 9 Bye; © 
Sum lat. 92 80 Dif, lat. [96.3] 3918.3 
— — — 3 0 
Middle Lat. 46 oo | — ee 
427 x ks D-p.114+4 
Com, Mid. Lat. 44 O0 Longitude eft 7* 4%. 
Diff. longitude 21W, 
Longitude in by account 8 O8 


Here the latitude by obſervation differing from the latitude by account, I correct 
for the true longitude; and as this is the firſt obſervation got ſuice leaving the 
land, I corre& by Caſe I. as follows ; 
Lirard's lat. 49*57/N. Mer. parts 3470 
Lat. by D. R. 45 12 N. Mer. parts 3047 


With the mer. dif. of lat and dif. 
long. by account, the ſhip's direct courſe 


from the Lizard is found to be S. 2222 
W. or S. S. W. 


Mer. dif. lat. by account 423 ö ; 
Lizard's longitude "we 4. With that courſe, and the mer. dif. of 
Long. in by account $8 8 W. | lat. by obſervation, the dif. of long. fince 
— leaving the Lizaid is found 167 miles, 
Dif. of long. by account 2 £54 equal to . 2% 47 W, 
60 Lizard's longitude 5 14 W. 
—ů— — —— — 
In miles — 174 Longitude in $ or 
Lizard's lat. 49% 57/N. Mer. parts 3470 


With the courſe 22® 22 or 2 
the proper dif. of lat. 274 miles, t 
Mer. dif. lat. by obſervation 40% mer. diſt. is found 113 miles. 

To find the direct Courſe and Diſtance to Cape Ortegal. 


Ob. lat. ints, 


true 


45 23 N. Mer. parts 3063 


—— 


* 


Lat. in 45 23 N. Mer. parts 3063 Longitude in de or'W.. 
Cape's lat. 43 46N. Mer. parts 2925 Cape's longitude 7 36 W. 
Dif. lat. I Mer. dif. 137 Dif. kagitude ; tis BS-=*1 

With the mer. dif. of lat. and dif. of long. the direct courſe to Cape Ortegal is 


found 8. by E. and with that courſe and the proper dif, of lat. 67, the diſtance 
is found to be 99 miles. BU 
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_= _— a | Lec-{ REMAAKS on Board, Weduelday, © 
IW. x. Ir. | Courſes. | Winds. [way. April 15, 1798. ; 
— FM Com — — — 7 — — 
235 8. by W. 3 W.] Weft. 1 | Cheſe 24 Hours, moderate Gales an4 
S338 $ | clear Weather, 
+ RTE 
EY 2 At 8 P. M. ſet up the Mizen Top.Mzg 
A {WE Shrouds and Back. ſtays. 
12 3 | ' At Noon Cape Ortegal 8. 14? 2vE, 
ESSE 2 Diſtauce 23 Miles. 
. , 
$6. 5 S. by W W. by S. 
: 8 3 
101 3 | | 
il | | Iv. tion 11 Point Weſterly, per Amyli 
' Dif. } LX. dy Lt. by] ger. biff. 
| Courſe. [0i8. — a D. h. | Oof. | Dit. [Long. [Long. in. | Bearing and Dig, 
| |. | | | | | Funchal, d. 32%4 
S. o E. 76 175s. 2. 44. o\ 1. 4117 E. 17% 44W. W. Dig. 817 Miles, 
Wich the difference of lat. and departure the Freer CABLE. 
Courſe is tound S. 9 E. and the diſtance 76 M. 
Diff. latitude 1158. Mer. Parts. 
Yeſterday's lat, 45 23 N. 3063 Courſes. | Dif. | x. 228 you: bot: 
2957s. 1E. | 46 | 8 
f 1E 4 158 45 
Latitude in An. ö. byk. 4 E. 3c 2917.3 
Sum Lots. 29 31 bog DIF. Lat. 74. 9/11 .8|Dep. 
Middle Lat. 44 45 
90 o Yeſterday's longitude 8* o1'W, 
Diff. longitude oO 17k. 


Comp. Mid. Lat. 45 25 
Longitude in 7 A. 


This day's departure being ſubtracted from the meridional diſtance of yeſterday, give: 
10 41' the meridional diſtance ot to-day, 


To find the Bearing and Diflance of Cape Ortegal. 


Latitude in 44* o8'N. Mer. parts 2957 Longitude in 7* W. 
Cape's lat. 43 46N. Mer. parts 2926 Cape's longitude 7 36 W. 
Diff. lat. 22 Mer. diff. lat. 3z Diff. longitude $ 


With the mer. difference of latitude and difference of longitude, > 4 Ortegal 
is found to bear S. 14* 28'E. and with that bearing taken as a Courſe, and tlic 
proper difference of latitude, the diſtance is found 23 miles. 


NoTz. When the Tenths on any fide are more than 5, or half a mile, you mult 
call that fide one more than you found it to be; but when they are leſs than 5, then 
you need not take notice of them; as in the above the difference of latitude and 


departure are 74.9 and x1.8, which I call 75 and 12, becauſe the Tenths are above 5. 


But when you take the difference of latitude and departure to find the Courbe, 
then take them in Miles and Tenths; the ſame may be obſerved in cafting up the 
Knots and Fathoms, 


MH, when doubled, the Tenths are more than 5, ſet one mile more in the Tra- 
veris Tables bur if leſs, omit them, as there are no Tenths in the diſtance column. 


+ 
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— : Lee-| RemaAnxs on Bard, Thurlday, 
H. K. [F. } Courſes, Winds. way. April 16, 1799. 

— — — — — — — ( ———ů— 
alin s Woſt. . SW. 3 rTheſe 24 hours hard gales anc 
al: vi $ leg ually, with ſmal! rain. Handed 
1 the Fore and Main Courſes. 

SZ Lay ta up N. W. by N. off N. by E. 5 At 8 P. M. ſaw a ſhip to windward 
10 Drift 1 4 mile per hour W. with Jury M:Rts up. 

2 

5 Up N. W. off North. W. by S. 5 et the courſes cloſe teefed. - Mor 
4 [Drift 1 + mile per hour. Wore hip. moderate. 
: i 
31 5 8. W. N. W. by W. zW. | 4 Set the Top- ſalls cloſe reefed. 

wi 5 2. Finiſterre S. 28® 37/W, diſt. 82 M. 
nl 5 | Variation 1 + Point Weſterly. | 

wee Dif, Lat. by Lat. by} Mer |Ditt. off 3 

Courſe. [oie. Lat. Dep. D. R. Obſ. [ DiR.} Lony. | Long in | Bearing and Dift. 
| | | | | | FunchalS. 303 W. 
Skil W 25 4 | 25 [44% o 2.6] 26 s 0. Dift. 799 Miles. 


Taking the middle points (viz. N. by W. and N. N. W.) between the point to which 
the ſhip comes up, and the point ſhe fell off to for the ſecond and third courſes, as taught 
ia the ruies for lying to, and then allowing as before for variation and leeway, the Traverſe 


Table will ſtand as follows: 


ee es IEEE} 
— 22 — os — Mer. — Courſes, [Diſt.] N. 5. . . 
Latitude in 44 oN. 250 N. N.. 8.2.7 FL 
Sum Lats, g 22 Mer dif. r. 6g. f. . J. 9 f | nol 
Middle Latitude 44 06 | ne 7.604. 6 

— 23·3 7.6 
Com. Mid. Lat. 45 54 Dit. Lat. 4.8|Dep. x5 of 


The departure to-day being added to the mer. diſt. yeſterday, gives 2 6', the 


mer. diſt. to-day. 
With the courſe and mer. diff. of lat. the diff. of long. is found by Mercator to 


be 39 miles. Or, with the mid. lat. and dep. the diff. of long. is found by mid. 
lat, failing 36 miles weſt. 
Dif. longitude o 36” 
Yeſterday's longitude 7 44 W. 
Longitude in 8 20 W. 


© . 36 
Here the dif. of long. found by mid. lat. differs conſiderably from that found 
by Mercator's failing, but if the mer. parts were taken from a table of miles and 
tenths it would agree nearer with mid. lat. failing; but in all caſes where the 
courſe is ſo t, and the difference of latitude is in miles and tenths, middle 
latitude ſhould be depended on. 
To find the Bearing and Diſtance of ay Finiſterre. 


Latitude in 44 0 N. Mer. parts 2951 ngitude in * 20'W, 
Cape's latitude 42 52N. Mer. parts 2852 Cape's long. 9 14 W. 
CY — — —— 


Diff. latitude 92 = 1 12 Mer. diff. of lat. 99 Diff. long. 54 
With the mer. diff. of lat, and diff. of long. Cape Finiſterre is found to bear $. 


28* 35" W. and with that bearing and -_ proper dif. of lat. the diſtance is found - 
3 


8 miles, 


5 
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Lee-, RzMaArxs on Board, Friday, Apr 7,7 
H. K. F. | Courſes. | Winds. way. 1799. 1 
— — — — — — 
2 Calm The firſt eight hours calm and toggy, 
4 
6 
13 
1 5 W. S. W. South. 1 Freſh gales and clear. 
is1 4 Cape Finiſterre $. 3957 E. diſt. 54 M. 
2 4 6 Hoitted the boats out, and tried the cyr. 
4 4 8 rent, found it to ſæt N. W. by N. 1 mile 
64 6 per hour all day, 
8 4 8 Variation 14 Point Weſterly, 
10 | 4 8 
1214 5 
2 | Dit. | [Lat. byjLac. by Mer. U ti. oi Long. 1 
Courſe. loi. 4 W | D. R. | Obf. [Diſt | Long. | I”, | Baring and Nis, | 
879 57 | | | | | FancraSzo WW; 
| or 80. [ 84 15 83 43-4941 343.19 1 <5 10. 2 Dit. 7186 M. | 


Ihe variation and ſer- wan bring aliuwed on ihe courſe ſteerec, und ihe ict. 
current and its drift in 24 hours be.ng made a courſe ant Gift, the work will be ag f 
With the diff. of lat. and dep. the courſ- — 


is found 8 7957 W. and the diſt. 84 M — IDO 110 0.00 T- 
Diff. of latitude 0 15'S. Mer, parts. J 
Lat. left 44 AN. 2951 _ — Courſes. Diſt. 1 8. E, W. 
: | N. w. IW. | 24 16.1 17.8 
Laty in 43 49N. 2931 S. W. by W. zw. 72 10. — 
Sum of lats. 87 53 Mer. dit. lat. 20 5 ＋ Dep. . 
Middle Lat. 43 56 19.1 
[99 Diff. Lat. 14.7 


Com. Mid. Lat. 46 04 
The dif of long. found by Mercator's failing is 113 miles, but by mid, lat. is found 


115 miles, equal to — — — 1 86 W. 
Longitude left — — — 8 20 W. 
Longitude in by account —— —ͤ— 10 15 W. 


The dif. of long. found by mid. lat. ſtill differs from that found by Mercator's ſiling; the 
cauſe is the ſame as before, and as the ſhip has made ſo great a courſe, we will ſtell depend 
on mid. lat. | 


The lat. by obſervation differing from the lat. by account, I correct for the true longitud? 
as follows, (it being three days ſince I had an cbſervation betore) by Ceſe II. page 182. 


Laſt obſ. lat. 45˙ 23'N. M. pts. 3063 With the mer. diff. lat. by acc. 132 and 


Ship's lat. by acc. 43 49N. 2931 diff. of long. by account 134, the direct courſe 
e SHR —ͤ— piece ſaſt obſ. is found S. 457 13˙W. or 45, 3nd 
Mer. diff. lat. by account 132 the diſt. 187 miles. — With that diſt. and te 


— mer. diff. of lat. by ob. 153, the vt. long. 
is found tog, this added to the diff. cf lone. 
10 15 W. by account 133, gives 241, which divided by 
2, gives the true dif. of long. fince laſt obi. 
121 M. nearly equa! to 2 I'W, 

Ling. in at laſt obſervation 38“ 1: 


Ship's long. 2t laſt obſ. 
Ship's long. in by acc, to-day 


Dif. long · ſince laſt obſ. W 


Laſt obſ. lat. 45 23˙*N. 2063 
Ship's lat, by obſ. 43 34 N. 2910 Long. in — 10 :W, 
; | Ez 


Mer. diff. by obſ. 


| 153 
The courſe found fince laſt obſervation 4 59737 is of no farther uſe than to know what Caſe 
to correct by, 
With the true courſe fince laſt obſ. 38® g and the proper dif, of lat. 109, the dep. 1s 
1* 2& +10 7 W. 2 95 0% 
To find the Bearing and Diſtance of Cape Finiſterre. 


Lat in 43% 34N. Mer. Parts . 2910 Long. in 10 On,. 
Capeꝰs lat. 42 $2N. Mer. Parts 2852 Cape's long. 9 14. 
— Ä— 
Diff. of lat. 42 Mer. diff. lat. 58 LE. of long. 38 
|} 


With the mer. dif. of lat. and dit. of long. the direct courſe to Cape Finiſterre 15 found 
S. 39* 57” E. and with that courſe and proper dit. of lat. the diſtance is found 4 miles. 


FROM LONDON TO MADEIRA. 195 


Lee | REMAAKSs on Board, Saturday, April 18, 
85 K. | F. | Courſes. | Winds, way. 1799. 
Ta |; [w.s.w.] s. Theſe 24 hours moderate gales, with ſaalt 
"4:43 0 f ſhowers of rains. 
r 
3144 
10 — 
1114 
2 | 3 S | 
: 3 : S. W. by 8. by E. | 
3 | 
$| 3 A great ſwell from the S. W. for which I 
w | 3 allow 6 miles. N 
12 | 3 Voriation x point weſt, per Azimuth. | 
=> Dit. Lat. by{Lac. oy| Mer. Ott. o. 
Courte. wy Lat. Dep. D. R. Obſ. Dig. Long. Ro. in. | Bearing and Diſt. 
| 5 | | FunchaiS.23%1 5 W 
$g3240'W 84 50 67 142. 44. 4.26 1. 3311. 35 Pie. 660 miles. 


In chis day's w rk the {well is con ſidered 48 4 Current, wioſle dritt in 24 hours iS 0 miles, 
the allowance made for the ſw2li; and as it comes trom the 5. W. it h-aves the ſhip cowards 
the N. K. and the variation allowed upon it makes the laſt courſe N. E. by N. as in the 


Traverſe Table. 
With the dif. of lat. and dep. the courſe is 


found 8. 53* 30 W. and the dittance 84 miles. JRAVELMD LABLE. 
Diff, lat, o 5go's. Mer. parts : : g 
Latitude left 43 34 N. 29 10 Courſes. D. N. 8. E. W. | 
5 2 841 |*-W. by W.] 58 32.2 48.2 
_ vx W , NY * 5 8. W. | 32 22. . 22.6 
Sum of lat. 86 18 Mer. dif, lat. 69 |N-E.byN.| 6 | 5.- 3-3] | 
Middle lat, 65 09 | E 54˙8 3.30.8 
go co 5• 33 
Com. mid. lat. 46 32 Dif. Lat. 49. 80 Dep. 67. 


The cep. 67 ding added to yeſterday's mer. 
diſt. gives 40 26/ the mer. diſt. this day. 


The difference of longitude is found as before to be 1 33. 
Yeſterday's lorgitude 10 .2W. 
Longitude in this day 23 36 . 
To find the Bearings and Diſtance of Funchal. | 
Latitude in 42% 44/N. Mer. parts 284r Loigitude in 11% 35'W, 
Funchal's lat. 32 38 N. Mer, parts 2073 Funchal's long. 17 W. 
Dif, lat, 666 = 20 6 Mer. dif. lat. 768 Dif. long. 330 2 30 


! | BY n 5 : 
With the mer. dif. of lat. and dif, long. Funchal is found to bear S. 23% 5 W. and with 
that bearipg taken as before, and the proper dif. of lat. the diſtance is 660 miles. 


To find the Bearing and Diſtance of the intended Port on Mercator's Chart, 


Lay a ruler acroſs Mercator's Chart, in lat. 42* 44', and ſet one foot of the e mpiſſes 
on the meridian of London, and the other in long. 11 35 W. lay oft that ſame diſtance from- 
the meridian of London, by the edge of the ruler, and that will ſhew you the ſhip's place. 
Then lay the ruler over the ſhip's place and Funchal, and take the neareſt diſtance between 
the ruſer and the centre of the compaſs; flide one foot along the five of the ruler, and the 
other foot wilt ſhew the courſe to be S. S. W. Again, (keeping the ruler as betore) take 
from the graduated parallel the dif, of lat. between the ſhip and port (19® 12”) in your com- 


piſſes, and ſlide one foot along the ruler, holding both points parallel to the N. and S. lines, 


til! the other cuts the E. d W. lines; paſſing through the ſhip's place; the diſtance becween 
where the point reſted, by the edge of the ruler, and Funchal, being meiſured upon the gra- 
dusted parallel, gives nearly 119, or 660 miles for the diſtance. In like maaner fins the 
bearing and dittance of any other place from the ſhip ; or take the diſtance between Funchal 
and the ſhip in your compaſſes, and hy it on the meridian, placing one foot as much above 
Funchal as the other is below the ſhip's place, and that will be the diſt, in degrees or ia 
leagues, if the merid. is marked ſo. 
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| Lee- | REMA&KS on board, Sunday, Apr” 
H. K. F. | Courſes. | Winds. way. 1799. 0 . 
— — — — — —— 
245 [VW. by N. S. W. by 8. Theſe 24 hours freſh gales, aid cles: 5. 
41 4] 5 | ther, | 
5415 | 
3 
1205 
12 5 | 
FELT $ | 

&| $| $5 |W. EN, [{S.S.WbyzgW| 2 
ei $1 $ | 
81515 | 
wo | 5 | 5 : | 
12 1 4 [Variation 1 point weſterly. | 
| Diff. x by] Lat. by | Mer. | Lift. of 7 
Courſe. [Diſt. Lat. [Dep-|D.R. | Obi. [Diff.] long. Long. in lo- ag & Dig, 
| | [ | | Funchal . 13? W. 
Weſt. 120 1204244 [43-30 [6.20] 2.43; | 14-12 [Diſtant 608 Miles, 


The variation being allowed on both the courſes, and the leeway upon the ſecond, it ill be 
found that the ſhip has ſailed due Welt theſe laſt 24 hours, and by ſumming up the diſtance 
her whole diſtance is found to be 120 miles, which is alſo her departure; it is evident the 
has made no difference of latitude, therefore her latitude by account is the ſame as yeRerdzy, 

As the ſhip has ſailed upon a parallel with the Equator, her difference of longitude is fou 
by parallel ſailing 2* 43'W. | 

Yeſterday's longitude 11 35W. 


Longitude in by account 14 18 W. 
The latitude by obſervation not agreeing with the latitude by account, and it being two 
days fince my laſt obſervation, I correct as follows, by Caſe III. Page 182. 
Laft. obſ lat. 43% 34 Mer, parts 2010 With the mer. dit. of lat. and dif, long, 
Lat. in by acc 42 44 Mer. parts 2841 by account, the courſe fince laſt. obſ. is fours 
to be S. 75 W. and the diſtance 266 miles. 


Mer. dif. lat. by account ſince laſt obſl, 69 


Long. in at laſt obſervation 10% o2'W. 
Ship's long. by account 14 18W, With that diſt. and the mer. diff. of lat. 


a by obſer, the true dif. of long. fince laſt ob- 
Dif. long. by ace. ſince laſt obſ. 4 16 W. ſervation is found to be 250 = 4* W. 
Long. in at laſt obſervation 10 2VW., 


Laſt. obſ. lat. 43% 34 M. parts 2910 
This day's lat. by obſ. 42 30 M. parts 2822 Longitude in 14 12 


Mer. dif, lat. by obſ. fince laſt obſ. 88 
With the courſe fince laſt obſervation S. 700 300 W. and the proper dif. of lat. 64 miles, 
the departure (or Mer. diſt.) ſince laſt obſervation is found 181 miles, equal to 3 O. 


Mer. diſt. at laſt obſ. 3 19 W. 
True Mer. diſt. this dax 6 20 W. 


To find the Bearing and Diſtance of Funchal in Madeira. 


Latitude in 42* 30 N. Mer. parts 2822 Longitude in 14% 12 W. 
Funchal's lat. 32 38 N. Mer. parts 2073 Funchal's long, 17 5 W. 


Dif. lat. 592 = 9 52 Mer. dif, lat. 749 Dif. longitude a n 


With the mer, difference of latitude and difference of longitude the bearing of Funchal is 
found to be S. 13 W. and with that bearing taken as before, and the proper dif, of latitudt, 
the diſtance is found 608 miles. 
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n Lee- RX Mans on board, Monday, April 
H. K. | F. | Courſes. Winds. way. 20th, 1799. 
me Ta 2 85 S. S. W. N. W. by W. | Stiff gales, with ſhowers of rain. 
468 From 2 P. M. fair weather and mo- 
144. de rate gales. 
$3: 64 $ 
10 8 $ 
121 8 5 
1448 
4 ; 6 O S. 1E. S. W. by W. z W. 4 
6] 5 5 
71 3 8. 
10 5 
121 $5 | 
- | 
| | Varia, 1 point weſterly per Amplitude. 


| Dit. Lat. by at. by] Mer. Buff. | ; | ; 
courſe. big. L. pep. b. k. Obſ. [Diſt. | Long. Long. in.] Bearing and Dif. 


| | | FunchalS,18%*16'W., 
1 4 * * * 14. 12 | Diſtant 444 miles. 
= TrxAverst TABLE. 
Yeſterday's lat. 4* 30˙N. n 
Diff. lat. 2 448. Courſes. Diſt.] N. 8. E. . 
Lat, in by acc. 39 46 N 18. by W. 118 115.7 23.0 
S. E. 1 E. 54 48.8 | 23.1 
— — — — 
Diff. lat. 164.5 23-1 | 23.0 
23.0 
. o. 1 | Dep. 


Proper allowances being made for variation and lee-way, it appears from the Traverſe 
Table that the ſhip has ſailed due South 1644 miles, and as ſhe made no departure, her lon- 
gitude in and mer, diſt. is the ſame as yeſterday ; but as by obſervation the ſhip is found to 
de in lat. 29% 40 N. it is plain the has got 6 miles a-head of her reckoning, which 6 miles 
being added to the diſtance by D. R. gives the true diſtance and diff. of lat. as above. 


To find the Bearing and Diſtance of Funchal. 


Latitude in - 39 N. Mer. Parts 2597 Longitude in 14*12/W, 
Funchal's lat. 32 38N. Mer, Parts 2073 Fuachal's long. 37 C0 


Diff. lat, 422 = 7 2 Mer. diff. lat. 524 Diff. long. 173 = 2 53 
With the mer. dif. lat. 524, and the dif. of long, in miles 173, the direct courſe to 
Funchal is found 8. 18% 16, or t8* W. and with that courſe and the proper dif. of lat. 
422, the diſtance is ſound to be 444 miles. 
Now a parallel of lat. through 39% 40” on the variation chart, cuts the variation lines in 
11? 15 ivlongitude 14 O W. which confirms the longitude y account. 
The variation charts might be of great uſe were they drawn upon a large ſcale, and the 
liges of variations well laid down, but as the varistion in moſt places is continually altering, 
it renders them in a few years uſeleſs : 1 would therefore adviſe the Mariner to truſt more to 
ins reckoning and unt obſervstions, fince the theory of the vatiation is not yet known. 
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| ns REMARKS on board, Tuelday, Any 
H. K. | F. | Courſes. Winde. way. 21, 1799. | 
. | S. W. Z W. W. by N. A W.] 4 [Freſh gales and clear weather, 
14 8 
ST 81 £ | 
18 8 5 
1108 
12 8 8 
2 8 4 
4 
6 — 6 
or 8 6 
10 8 5 
0 8 | Varia. 2 Point W. per Azimuth, 
1 pn | Lat, by Fe by| Vier, [LIft, 
| Courſe. Diſt. I lat. JDep } D. R. | Obſ. Dig. U on. Long. in. [Bearing and Dis 
Funchai S.19*3; 


b. byv. I * 184] 86 36.29 | S #* "0 BY 15.23 [W.diftant a6 


n 


By examining the Log-board, it appears that the ſhip has ſailed S. S. W. 2 W. 200 miles. 


Latitude left 397 4cN. — — 
Dif. latitude 3 118. .. OY 
Courſes. Diſt. N. 8. E. IW. 


Lat. in by account 36 29 N. 


— — — : —̃ 


15. by W. IW. 200 [Dif. lat. 191. of Dep. 58. c 


The latitude by obſervation not agreeing with the latitude by D. R. I cores 
as follows, by Caſe I. page 179. 


With the courſe one point and a half, and the dif. of lat. by obſ. 184, the 
diſt. is found to be 192 miles, and the dep. 56, which being added to the mer. 
diſt. yeſterday 6 21/ W. gives the mer. dift. to-day 110 W. 


Yeſterday's latitude 399? 40 N. Mer. parts 2 397 
This day's obſ. lat. 36 36 NM. Mer. parts 2363 
Sum of latitudes 76 16 Mer, diff. lat. 234 
Middle latitude 38 8 
90 oo 
Comp. mid. lat. "+ ae 
The diff. long. is found by Mercator or mid. lat. 1% 11'W, 
| Yeſterday's long. 14 12W, 


Long. in this day 15 23 W. 


To find the Bearing and Diſtance of Funchal. 


Latitude in 369 36'N. Mer. parts 2363 Longitudein 15%22'W. 
Funchal's lat. 32 38 N. Mer. parts 2073 Funchal's long. 45 05 W. 


Dif. lat. 238 3 58 Mer. dif. lat. 290 Dif, long. 103 = 1 43 
With the mer. diff. of lat. and the dif, of long. the bearing of Funcha! is found, 


and with that bearing and the proper dif. of lat. the diſtance is fourd 253 miles. 
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Lee-| REMA RES on Board, Wedneſday, 
H. K. F.] Courſes. Winds. [way April 22, 1799. 
24 4 | 3 JW. by S. IW. S. byW. T W. + Theſe 24 hours moderate weather with 
4 4 5 | rains 
v3 #43 7 
8 5 WS. W.! W. 8. 2 W. 1 
031 2 
3 
5 W. S. W. South, 1 
1 
6] 5] 4 
wn $4 73 
10 5 S. W. by W. | 8. by . 1 F 
B41 5 | R Varia. 3 W. per equal alt. of the ſun. 
_ | | Lat. by Lat. by Mer. Diff. of 
Courſes. (pig. Lat. Dep. | D. R. | Obſ. |DiR.! Long. Long. in. | Bearing and Diſt. 
JW | | | | | 4 Funchal 8. 7 44 E. 
119 | 5o [108 | 35.52 | 35 469 0561 2.14 | 17.36 [Diſtance too miles. 


with the diff. of lat. and dep. the courſe 
% found S. 6810 W. and the diſt. 118. 6 


miles. ; 

Yeſterday's lat. 36? 36N, 
Diff. of latitude 448. 
Lat. by account 35 52N. 


Yeſterday's lat. 36% 36/N. N. parts 2363 
Obſ. lat. 35 46N. M. parts 2301 


| Dif. lt. by Obr. 50 M. diff, lat, 6z 


Sum lats. 


72 22 
Middle latitude 36 11 
90 O9 


„ 


Com. mid. lat. 53 49 


971 TaAVrRSE TABLE. 
COURSES, bis. N. . E. W. 
W. by S. IW. 27 40 26.7 
W. S. W. TW. 31 10 4 29-2 
S. W by W. W. 43 18.4 38.9 
S. W. 3 W. 19 11.3 15.3 

Dif.lat.44 1 Dep. 110 1 


The latitude by obſervation not agreeing with 


the latitude by account, I correct as follows, by 


Caſe III. page 180. 


With the proper diff? of lat. by obſ. 50 and the diſtance 111.6 the true courſe is found 


65% 04, and the departure 108 miles nearly, 
The departure 108 being added to the mer. diſt. yeſterday, gives 9 f W. the mer, dif, 


to-day. 


With the comp. of mid. lat. and dep; or with the courſe and mer. diff. of lat. 62', the diff. 


of long, is found by middle latitude or Mercator's ſailing, to be 133 miles = 2 W. 


To find the Bearing and Diſtance of Funchal in Madeira. 


Latitude in 


259 46N. 
Funchal's latitude 


32 38 N. 
3. 8 


Diff. latitude 


Mer. Parts 
Mer. Parts 


Yeſterday's longitude 15 23 W. 
Longitude in — 17 36 W. 
2301 Longitudein 17* 36 W. 
2073 Funchal's long. 17 os W. 
228 Dift. long. 31E. 


Mer. diff, of lat, 


With the mer. diff, of lat. 228, and diff. of long. 31, Funchal is found to bear 8. 7 4 E. 
and with that bearing (taken as be fate) and the proper diff, of latitude, the diſtance is found 


Cc 


199 miles. 
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do A o0URNAL OF A VOYAGE 
| 3 Tee- REMAAEKSs on board, Thur. 
oo | Me] as | porn fe : = ak ran — by April 23, 1799. % | 
12 = | 6 S. by E. ES. W I. * heſe 24 hours moderate and cle i 
4 5 | 8 g weather. 
— i* | „ | 
8 5] 8f 5 | 
103 . | 
lan 1 $4 2 | | | | 
2 5 2 | | 
i 4) 51 5 $S.S.E.4 E.SWbyS.iW.| 1 | 
S431. 5 | 
St fi $ | 
bo 1-84 © 1 TIS I | 
12 22 Variation 4 point weſterly, 
1 | Da; 1. by Lat. by Mer Diff. Bearing and 
| Courſe. Dit Lat. Dep. D. R. | Obſ. Diſt. long.] Long. = Diſtance. 


' | 
{$33%20 E oe] 119 


Funchal S. 34” 15 W. 


1 14501 * 86 r 16 or | Diſtance 94 Miles, 


With the diff. of lat. and dep. the courſe is 


hund, S. 37048 E. and the diftance 1,3 miles. 


Yeiterday”s lat 35 46 N. — TARLE. . 
Diff. or latitude 1 458. count zs. Diſt. N.] S. | E, * 
Lat. by account 34 — 8.8. E.LE. as | 41-2 2 1:1 
Obt. lat. 33 SN. M. parts 2167 348 1 — 0 5 . 44 
Yeſterday's lat, 35 46N. M. parts 2301 8. ET k. | 22 | 14 2 101 
Prop. diff. lat. eb. 2 M. diſt. 134 Diff. lat — 8 87 755 
Sum of lat. 69 42 
Middle latitude 34 7 The latſtude by obſ. differing om 

98 co titude by account, I correct as tollus:, 8 

— — Caſe II. page 179. 

Comp. mid. lat. 55 09 


With the diff. of lat. 110 and the diſt. 133, the dep. is found to be 76, which being ad el 
to the former dep. $2, gives 157, half this ſum is the true dep. 78 miles; with he cit, of 
lat, 110 and the dep. 78, the true courſe is found S. 35* 20 E. and the diſt, 135 miles, 


The dep. 78 being ſubtracted from the mer. diſt. yeſterday, gives 7% 4% W. the mer, tt, 


this day. 


The dif. of long. is found by Mercator or middle latitude failing, tobe 1* 35 F. 


Latitude in 
Funchal's lat. 


Difference of lat. 


Yeſterday's longitude 17 36 W. 


Longitude in 16 Oi W. 


To find the Braring and Diftancs of Funchal in Madeira, 


33” 56N, 
32 38 N. 


ꝗ—᷑ü—ũ—ͤ— — 


Mer. parts 2167 Longitude in 16% W. 
Mer, parts 2073 Funchal's long, 17 05 M. 
Mer. dif, of lat. 94 Dif. of long. 1. 04 


With the merid. diff. of lat. and diff. of long, the direct courſe to Funchal is S. 44" 15% 
and with that courſe and the proper difference of latitude, the diſtance is found 4 mee 
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: as Lee-| REMARKs on board, Friday, April 


| 
| 


5" "I 


Loo-Rock N. by W. the Brazen Head 
E. by S. the Deſerters from E. to S. E. 
| Diſtance about 9 leagues, . 
Variation + point, 
Dick. j 
Lon. ] Long. in. j Bearing and Dif. 


H. | * 2 Courſes, Winds. way. 24z 1799. 

Hef = 5 3. W. 28. E. by N. Moderate gales and hazy. = 
4 5 5 At 6 P. M. more clear, ſaw Porto Santo 
SE 43 $ E. bearing N. W. about 7 or $ leagues. 
314 5 At 10 P. M. ſaw Madeira, bearing S. W. 
101 4 by S. diſtance 15 leagues. 

41 .. Clear weather. 

1 At 10 P. M. came to anchor off Funchal, 
4 N. E. the weſternmoſt point W. by N. the 
4 
4 
4 
4 


12 | 
| Lat. by Lat. by | Mer. 
Courſe. pia. s. W D. R. Obſ. | Diſt. 


8.3345 w.| 95 75s lz 37 | 2,40 | I {| 17.4 Funchal, N. 1 mile. 


——_——. 


The variation allowed upon the courſe, and alſo upon the bearing of the land taken at ten 
o'clock, being put into n Priverte Table, and the diſtance run upon each courle, with the 
diftince you are from the lan, w.'l give the diſtance and difference of latitude and departure 
23 above; with the complement of the middle latitude and departure, the difference of lon- 
gitude is 63 = 1? 3, whica added to 26915 the longitude in yeſterday at noon, gives 17% 4, 
the longitude in by account; and as it agrees with the longitude of Funchal in the table, I 
conclude that my reckoning is juſt, and Funchal well laid down. 

The ſhip's place in the preceding Journal is pricked off, and the bearing and diſtance at 
noon are alſo found by the Chart, in order to thew the young Navigator the method, and may 
be done with a black lead pencil, which he may either let ſtand or rub out when he pleaſes, 

Between April 24, and May 12, lay moored in Funchal Road, Madcira, 


Lee- REMARKs on board, Tueſday, 
H.] K. F. Courſes. Winds. [way. May 12, 1799. 
is 4 - 5 BY N. E. Freſh breezes and clear. At 4 P. M. 
4 unmoored ſhip and hove in to I of a 
6 cable on the beſt bower. | 
8 : | 
10 
12 Light breezes and clear. | 
o At 6 A. M. weighed from Funchal Road 
4 and made fail, Lat. obſ. 3210 NM. 
6 Variation 18 30 W. 
8 
10 Ditto W. at noon the Southernmoſt Deſerta, 
12 | | | N. W. 4 or 5 leagues. 
Dif. _ by | * by Mer. Dit. ot — ö 
Courſe, Diſt. Lat. D. R. Dep.] Obſ. [Dig.] Long. | in. | Bearing and Diſtance. 
| | | 32*10 | | Southernmoſt Deſerta. 
| | | | | N. | | | N. W. 5 leagues, 


Taavenst TABLE, | 


— — 


take my departure from the Southern- 
moſt Deſerta, which lies in latitude : 
32? 18 N. long. 16” 25 E. 


ee 2 
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Lee- RE MARES on board, Wedneſday, 
H. K. F. Courſes. Winds, way. May 13, 1799. 
LSE £ | S. S. W. N. N. E. Light breezes and clear. Variation per 
E473 S. S. W. 1 W. amplitude 18“ 30 W. 
3 
8312 
w | 2 Made and ſhortened fail occaſionally, 
12 Calm. | 
2 | 4 4 8.8. W. 3 W. W. N. W. 
GI -$ | --< 
S& 1 v 
8 6 3 
1 0 N. W. Freſh breezes and clear. Set ftulding 
142 1 4 | fails. Lat. by obſ. 30% 31 N. 
| | (Dif. | Lat. by [Lat. by _— Dit. , Long. 
Courſe + Dig. | lat. Dep. D. R. Obſ. Diſt. lon. ' in. Bearing and Diſtance, 
| | | | | " |23mi.j16%2 | Salvages, S. . 
8. 1530 E. I 100 99 2.7120. 31 N 30.3 INI 2,7! E. | W. |} Diſtance 28 miles. 


** — 
—— 


TrAVEKSE 1 ABLE. 


By taking my departure from Courſe per | Courſes ; = 
the ſouthernmoſt Deierta, which log. correCted, Ditt.] N. S. | Z. | W; 


. 3. ꝗ5é—tuä:s Ew e e Des N e 
l - l 8. F. 


and bearing from me yeſterday at S. 63"E 15 6.8 15•4 
noon N. W. 5 leagues; I find the S. S. W. S. 4% W. 12 12 · 0 0 | 
courſe anſwering to that bearing, 8. S. W. IW. S. % W. 817 80 4 97 


— — — — — 


corrected for variation, to be 8. , | 
63 E. diſtant 15 miles, which 1 Diff. lat, 99 2 13.40 
Have ſet down in the "Traverſe Ta- 5 10.7 — 
ble as a courle, ; 


With the difference of latitude and departure the courſe is found to be S. 1 30 E. diſtant 
100 miles. 


With the com. mid. lat. the diff. of long is found to be 3 miles, 


Dif. lat. 1398. 
Lat, left. 32 10 N. Mer. pts. 2040 


Lat. in 30 31 Mer. pts. 1924 


Lat. ſalv. 30 8 N. Mer, pts. 1898 Long. 168 
Sum lats. 62 4x Mer. diſt. 116 Lat. in 30 31 N. Mer. pts. 1924 Lon. in 162: 


—u— — 


— 


Mid.. lat. 31 20 23 26 13 


Co. m. lat. 53 40 


8 the mer. diff. lat. and diff. long. the ſalvages are found to bear S. 34 E, dit. 28 
8. 


4 


te direct courſe of the ſhip to be S. 
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| Lee-| Remarks on board, Thurſday, May 14, 
H. K. F. Courſes. Wirds, WAY» 1799. 
an 0 | 4 Ban; Welt. * Freſh breezes and clear, All ſails ſet. 
4 6 2 
0 þ 
: - 2 Variation 18* weſt, 
wi ©7 2 
76 8 aſant weather. Tue 
2| 5 4 | S. by W IW. by N. Freſh breezes and pleaſant weather. T. 
gl: 4 fail in ſight. 
6] 3 
ELIT © f 
wi 2 4 Light breezes and cloudy, In ſtudding 
12 | 2 | | W. by S. | fails, Lat. obſ. 289 48 N. 
| Ditf. | | Lat. by Lat. by Mer. Dick. of; | 3 
cent Dis. | Lat. | D-p' D. R. Obſ. Diſt. Long. Long. in. Bearing and Diſt, 
7 | | | | | | | | Sta, Cruz, Tenerifle, 
5.14 E 107! 104! 26 '28.47N'28.48N|29E.|2omiles' 13$.54W.'S. 47% 3 W. D. 3oM. 


| 


TRAVEEZSE TABLE. 


Courſes being corrected for vari- 


Courſes per Courſes 


log. corrected. Dit. N. S. Z. V. 


ation, 4 find by the Traverſe Table 


14* E, and the diſtance 107 miles, 


— nn CO —} ——— — — — — — wa. þ 
South. S. 18% E. 67 63.7120 % 
W. 8. 7 B. | 41 40 75. o 


— — — — 


ö Dif. lat. 104 425 7 Dep. 


Dif. of lat. 1544˙8. 

Lat. left. 30 3 N. Mer. parts 1924 

Lat. in 28 47 N. Mer. parts 1804 

Mer. diff. 119 

Jum of lat. 59 18 Lat. 'Teneriffe 28 27N.— 1782 Long. Teneriffe 16% 18 W. 
. Lat in 28 47N.—1805 Long. in 15 53 W. 

Mid. lat. 29 39 . ; — 
— Ditf. lat. 20 M. dif. 23 Dit. long. 25 

Co, mid. lat, 60 21 


With the comp. of mid, lat. the diff. of long, is found to be 29 miles, 


With the mer. dif, lat. and dif. long. by Mercator, the Bay of Santa Cruz in Teneriffe is 


d. 47-23 W. diſt 30 miles. 


As 3 is only intended to ſhew the Learner how to keep his reckoning at Sea, 
true Variation is not particularly attended to, | : 
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| | Lee- REMARKS en board, Friday, Mey 1. 2 

H. K. F. | Courſes. Winds. way. 1799. 55 
— — — — d —— — nn ᷑ͤ 
23 418. 8. E. S. W. * breezes and cloudy. 
C3 I | 
4 Handed top-gallant ſails, and in firſt recs top-11 | 
5 3 At 6 che Peak ot Tenerife bie by cone * 
10 3 W. S. W. 7 
2 | 2 | 4 MW. N. W. Ditto. 1 Freſh breczes and clzar, Variation 18% | 
2214 | 
rn Zet top-gallant ſails, Hazy with rain. No! j 
BE. in fight, No obſervation, | 
3 Light breezes and clear, | 
142 4 | S. S. E. Ditto. 1 At noon made Tenerifte, bearing W. by N. dig. 
221 4214 12 leagues. 
| 4 3 by Lat. by Mer. Dit. ot 
| Courſe. | Diſt. | lat. Dep. Obſ. [Diſt.] Long. Long. in. | Bearing and diſt. 
i | | | | | | * Tenetitt, 
8.25 E. 20 18 828. 30 37 E. 10m. E. 15. 43 W. S. 84% 6 W. D. zn 


The courſes being corrected for | Fa Tapes, — 
one point leeway, and 18” W. va- n DIR | 
riation all theſe 24 hours, I find by 1 P ged. Dig.] N | | 
the Traverſe Table the direct courſe Zo corrected, |Dit.| N. S. E. W. 
Fe ip oe e e r e 
. ns W. N. W. N. 24 W. 24 5 3 

if. of lat. 9188. 8. 8. E E 6 | [23-2 

Lat. left 23 48 N. 8. FE. S. $2 E. 10 21 7.9 

n . ö 6.6124. 7131+ 523.1 

Sum lats. 57 18 6.623.1 

Mid. lat. 28 39 | 

Com. mid. lat. 6x 21 Dif. lat. 18.1 II 


With the comp. of mid. lat. the diff. of long. is found to be 10 miles x and the bearing 
d ſtance of Santa Cruz by mid, lat. is found to be S. 84 26 W. diſt, 31 miles. 


| | | | Lee-| REMARKS on board, Saturday, May 16, | 
H. K. | F. | Courſes. | Winds. Way. 1797. | 
— — — — — 
ETSY W. by N. | 8. S. E. Eight breezes and clear. Made all ſail. 
1 $ 4 | 
6] 6 « At 5 the eaſt end of Teneriffe N. W. 4 
8 | miles; at 7 anchored in 9 fathom in 
10 Santa Cruz Road, the town of San 
12 Variable. Cruz W. by N. + a mile. 
2 | Variation 17 30 welt, 
4 Weſt. At 8 A.M. hoiſted out the boats and | 
16 went on ſhore to wait on the Gov. | 
$ Moored ſhip with the ſmall bower to the | 
10 Calm. S. W. in 19 fathom and ſtream anchor | 
12 i } South, to the N. E. in 10 fathom. | 
| Dif. Lat. M Lat. by | Mer. J Dif. | : | 
Courſe. Diſt. | lat, per. b. Obſ. | Dif, | long. [Long. in. | Bearing and diſt. 
| | | | | At anchor in San. 
S. 84% W.] 33 3 1 33 1 Ami. E. zym. W1\16%20 W. Cruz Rd, Tenerit. 
The Courſes being corrected for | © Fazer Nr. 
17? 30 W. variation, I find by the 1 1 
Traverſe Table the true courſe to be 92. — * E Fan Dia | N 
$. 84* W. diſt, 33 miles. 5 E e Bud 
Dif. lat. o* g's. > a 
Lat. left 28 ze N. kde ball aches habe? ©. 
Latitude 28 2 822 2 Diff. lat. 
Com. mid. lat ö 33. 33 


With the com of mid lat. the diff. of long. is 37 miles. 
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The Method of finding the LatTitupes at SEA, by taking tus 
Altitudes, either in the F'orencon or Afternoon, having the 
intermediate Time meaſured by a common M atch, with Faſe 
and Accuracy, independant of the Sun's 1 Altitude. 


I ENERAL RULES. 


1ſt. IO the ſecant of the latitude by account, add the ſecant of 
the ſun's declination, (rejecting their indexes) and call 
that ſum the logarithm ratio.“ 


2d. From the natural fine of the greateſt altitude, ſubtract the 
natural fine of the leaſt altitude, and find the logarithm of their dif- 
ference, and*write it under the Jogarithm ratio. 


3d. Subtract the hours and minutes when the altitudes were taken 
from each other, and half the difference call half-elapſed time, 


4th. With half the elapſed time enter the tables, and from the 
column of balf-elapſed time take out the logarithm anſwering 
thereto, and ſet it down under the logarithm ratio. 


5th. Add theſe three lodadithms together, and with their ſum en- 
ter the tables in the column of middle time, where, having found the 
logarithm neareſt thereto, take out the time Correſp onding to it, 
and put it down under half the clapſed time. 


6th. Subtract the leſs from the greater, and the difference will be 
the time from noon, when the greateſt altitude was taken, 


7th. With this time enter the tables, and from the column q 
riſing, take out the logarithm correſponding to it; ſtom this log 
rithm ſubtract the logarithm ratio, the remainder will be the log 84 
rithm of a natural number, which, being found in the common table 
of logarithms, and added to the natural fine of the greateſt nr ide, 
will give the natural fine of the ſun's meridian altitude. 


Having the meridian a!titude of the ſun at noon, the latitude is 


found by the uſual method. 


N. B. If the latitude, found by the above proceſs, ſhould differ 
widely from the latitude by Account, it will be proper to repeat the 
operation, uſing the Jatitude laſt found inſtead of the latitude by ac- 
count, till the refult gives a latitude nearly agreeing with the laut ude 
uſed in the computation. 


* The arithmetical comp. of the co-fine of any angle is equal to the log; rarith- 
mic ſecant of that angle, omitting the firft figure in the index ; thus the ſec: ant 
of 46 5 is 10. 16487, and omitting the firſt figure 1, leaves , 16487, the le- 
cant leſs radius, or the arithmet. comp. ef co-line 46“ 50%, 
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EXAMPLE I. 


Being at ſea in latitude 46% 50' north by account, when the ſun's 
geclination was 119 17” N. at 10 H. 2 M. in the forenoon, the ſun's 
altitude was 46? 55", and at 11 HH. 27 M. in the forenoon, the ſe- 
cond altitude was 542? of. Required the true latitude, and true time 
of the day when the greateſt altitude was taken ? 


Times. 
H. M. s. Lat. 40 50'. Secant — — o. 16487 
8 
0 3 O Dec. ir 17 . Secant —— 0.00848 
Ela. T.1 35 © Added gives the log. ratio 0.17335 


El. T. o 42 30 
The ſun's gr. alt. at 11 H. 27 M. is 54% “ Its nat. fine 81055 
The ſun's leaſt alt. at 10 H. 2 M. is 46 55 Its nat. fine 73036 


The remainder of diff. of nat. fines 8019 


Log. ratio — — 0.17335 
The common log. of the diff. N. 8. 8019 3.90412 
In the tables in col. J ela. time for 42 M. 30 S. is 0.73429 
Their fum of the log. in middle time — 4 81176 
| . W 
The H. M. &c. for which, by the tables, is — I 15 30 
Subtract half elapſed time — 42 30 
The diff is the true ſpace of time the ſun had to 
riſe to the meridian when the greateſt altitude — © 33 00 
was taken — — 
H. M. 
Time per watch 11 27 
Sub. from 12 0 


o 33 Finding they agree, the watch is right. 
Enter the tables with 33 M. under col. of riſing, and 3.01488 


you will find the log. — 
From which ſubtract the log. ratio —— 9.17335 
The natural number of which is 694 — 2.84153 
To the natural ſine of the greateſt alt. — 81055 
Add the natural number of the above log. — 694 
The ſum is the natural ſine of the ſun's meridian $1749 


altitude, 54% 50 
The natural fines are found in Table XVII. 
The half clapſed — W in Table XVI. 


— ꝓ —— — 
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— 


The ſun's zen. diſt. 35 108. By obſerving the ſun's merid alt. 
The ſun's declination 11 17 N. the ſame day, the lat. was found 
to be 46? 28 N. 


Lat. — 46 27 N. 


a EXAMPLE II. 


Being at ſea in lat. 47 19 N. by account, when the ſun's de. 
clination was 129 160 N. at 10 H. 24 M. A. M. per watch, the 
fun's alt. was 49? 9, at 1 H. 14 M. P. M. his alt. was 51 5%. 
Required the latitude? 

H. M. s. 

3230 0 

10 24 o 

— — Alt. Nat. S. Lat. 47% 10, o. 76889 
1 36 o 49? 9' 75642 Sun's decl, 12 16 0.01003 


1 14 © 5159 78783 — 
— Log. ratio 17883 
Ela. T. 2 50 o Diff. N. S. 3141 Its log. 3.4970 


1 El. T. 1 25 © Its log. in col. of half elapſ. time is 0.44077 


Sub. © 15 O Col. of mid, time correſponding to 4.11667 


Tr. Ti. 1 10 © Its log. in col. of riſing is — 3.66542 
Tr.p.W.1 14 o Log ratio ſub. = 0.17883 


Wat. faſt. o 4 © | pw the nat. num. of this log. 3.48659 
N. S. Sun's gr. alt. 78783 90 oo 


N. S. S. mer. alt. 81849 = 54 36 


Sun's zen. diſt — 35 4 South 
Sun's decl. — 12 16 North 


Lat. in 47 20 North. 
Here the Latitude found by computation may be relied on, as it 
differs but one mile from that uſed in the operation. 


EXAMPLE III. 


Being at ſea in lat. 50? 40“ North per account, when the ſun's 
declination was 20% 0 ſouth, at 10 H. 17 M. A. M. per watch, 
the ſun's alt. was found 17 13, at 11 f. 17 M. A. M. per watch, 
it was found 199 41. Required the latitude ? 

| | 7 Times, 


Times. Alt. Nat. S. Lat. 50˙ 40 0,19803 
H. M. s. Decl. 20 00 0,0270x 
10 17 O 17 13 = 29599 * 

11 17 © 19 41 = 33682 Log. ratio 0,22504 
Ela. T. 1 o o Diff. N. S. 4083 Its com. log. 3,61098 


El. T. o 30 © Its log. from col. half elap. time is 0,884.30 


1 1 © In col. of mid. time correſponding to 4,72032 


— — — — — 


Tr. time o 31 0 From noon, its log. from col. of riſing 2, 96067 
TEWo 430. log. ratio ſub. 0,22504 


W. low o 12 © 544 N. num. of 2,73563 
— — 335682 N. S. greateſt alt. 


90? ff —— 
20 1 34226 N. S. of ſun's mer. alt. 209 1. 


Zen, diſt. 69 59 
Decl, 20 09. 
| Lat. 49 59N. 


But as this latitude differs 41 miles from that by account, it will 
be proper to repeat the operation, uſing the lat. laſt found inſtead of 


| the lat. by account. 


H. M. s. Lat. 49 59 , 19178 

1 Elapſed time o 30 © Decl. 20 0 0502701 

| 00 — 

— Log. ratio 0.21879 

True time o 30 © | 3,01098 

Time per watch o 43 © 0588430 
— — — H. M. —— 

Watch low o 13 © In col. mid. T. 1 © 4471407 


True time @ 30 o Its log. in col. of riſing is 2,93223 
2 , Log. ratio 0,21879 
517 Nat. num. of 2,71344 

33682 Nat. S. gr. alt. 


— _ — 


Nat. S. ſun's mer. alt. 34199 = 20 & 


— — 


Zen. diſt. 70 o_ 
Decl. 20 08. 


— — 


The lat. 50 o North. 
Dad 2 
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The latitude laſt found, differing only one mile from that uſed i 
the operation, may be depended on as the true latitude. Hence jt 
is plain, that the operation is repeated with very little additional 
trouble, but few aiterations being neceſſary. 


EAAMTPELE N. 


Being at ſea in the latitude 60 of north by account, when the ſun 
was on the equator, and conſequently had no declination ar 1H, 
oM. P. M. per watch, his altitude was 289 53, and at 3H. ol. 
P. M. per watch, it was 20? 42. Required the true altitude? 


Times. Lat. 60? o' = 0,39103 

. . 6. Alt; N. S. Dec. o o = o, ooooo 

10 o 28 53 = 48303 — 

1-0-0 kr 8 =. 22247 Log. ratio 0©,3010; 

Es. 1.2% 0 0 12956 Its log. 411247 
1 El. T. 1 o © Its log. in col. of ] Elap. time 0,8700 
2 © © Its log. in col. of mid. time 5500050 

T. fr. N. 1 o o Its log. from col. of riſing 3553243 
D. per W. Ii o o Log. ratio o, 30103 
1704 N. num. 3„23140 

48303 


— 90 0 
Nat. S. Sun's mer. alt. 50007 = 30 o Sun's meridian alt. 


bo o Latitude. 


The latitude by computation, coming the ſame with the latitude 
by account, ſhews that the latitude by account was right. From 
the foregoing examples it is plain, that the operation is the ſame, 
whether the ſun hath north or ſouth declination, And it will be 
the ſame whether the ſhip is in a north or ſouth latitude. It is allo 
clear, that when the ſun has no declination, the ſecant, rejecting the 
index of the latitude, is the log. ratio. 


EXAMFLE V. 


Wanting to go through the N. Channel among the Maldives, 
and by account being in latitude 7* 40 N. the declination being then 
22* 47'N. at 7 H. 25M. 49S. A.M. the true altitude of the ſun's 
centre was 22 30% and at io H. 31M. 48 S. A. M. it was found 
6340. Required the ſhip's true latitude ? 

2 4 Times 
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H. M. 8. Alt. Nat. S. Lat. by ac. 7 40 0,00390 
Times 10 31 48 639 40“, 89623 Declin. 22 47 0,03528 
7 25 40 22 30 38268 


N Log. ratio o, 3918 
Elap. . 3 6 8 : 51355 Its log. a 471058 
El. T. 1 33 04 Its log. in col. of 4 elap. time is , 40368 

| — H. M. 8. — 
33 3 130 5578344 
— — a — — 
True T. 1 28 26 Its log. in col. of riſing is 3.86709 
T. p. W. 1 28 12 Log. ratio o, 3918 


W. flow © o 14 6728 Nat. num. 3582791 
9o 00 89623 — N. S. gr. alt. 
Mer, alt. 74 29 —— 
96351 N. S. Sun's mer. alt. 742. 
Zen. diſt. 15 31 N. 
Decl. 22 47 N. 


Lat. in 7 16 North. 


NM. B. As the tables are only calculated to 3o ſeconds, the log. 
for any intermediate ſeconds is found by taking the difference be- 
tween the log. next greater and next leſs; and ſaying, as 30 ſe- 
conds is to that difterence, ſo is the given ſeconds to the difference 
of the logarithms; or, if it be any even part, take ſuch a part of 
the difference, and apply it to the next leſs logarithui; but in theſe 
operations a few ſeconds are not regarded. 


SECOND OPERATION, 


Lat. 7016 o, 003 50 
Dee. 22 47 0,3528 


Log. ratio o,0 3878 

H. M. 8. 4571058 

$2.30 0, 40368 

* 33 0 H. M. 8.ĩö—— 

ns. 54 e 130 „15304 

True time 1 28 30 8 . 
3586709 

N. 8. gr. alt. — 89623 Log. ratio 0503878 
6735 N. num. — 


Log. 3,32831 
N. 8. Sun's m. alt. 9g6358=74 29. Hence the lat. i n is 79 16N. 


The latitude laſt found, agreeing with that uſed in t he operation, 
it may be taken as the true latitude ; and the operatio. 3 is regent 
wit 
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with very little additional trouble, few alterations being neceſſary. 
Hence it is plain, that if you are miſtaken in the latitude by c. 
count, yet by repeating the work two or three times, making uſe of 
the latitude Jaſt found in the next operation, it will at laſt diſcoye; 
itſelf ro be true, by being equal to the laſt ſuppoſition, which eyi. 
dertly ſhews the excellency of theſe tables. 

In the former examples we have conſidered both altitudes taken 
at the {ame place or ſtation; but as that is ſeldom the caſe at (ea, 
the neceſſary correction for any alteration of ſtation may be readily 
made as follows : 

H. M. 
Suppoſe the firſt altitude in the forenoon, at 10 20 
The ſecond altitude in the afternoon, at 2 h. 43m. 14 43 
Difference of longitude made is 30 miles W. equal to o 2 
14 41 
10 20 


Subtracted is the elapſed time — — 4 15 


If a ſhip has been ſailing to the eaſtward, the above two minutes 
muſt be added; but unleſs the difference of longitude be conſider. 
able, it is not worth notice, as it will make a very inconſiderable 
error in the latitude. 

Again, if the ſhip fails or makes towards that point of the com- 
paſs which the ſun bears upon, ſhe muſt raiſe the ſun's altitude as 
many minutes as the miles ſhe has run towards it ; therefore the 
miles run towards the ſun muſt be added to the firſt altitude; but if 
ſailing from the ſun, the ſame muſt be ſubtracted ; if they are but 
few, they are. not worth minding : and then the ſeaman may make 
a very good c:{timation by looking at the log-board only, who, by 
that, will be able to aſcertain the diſtance ſailed to, or from the ſun, 
between the obſervations, which will be of ſufficient exactneſs in the 
practice of navigation; and if the ſhip makes an angle with the ſun's 
bearing, it niay be readily found by the table of difference of latitude 
and departui e, and then either add or ſubtract, according as the caſe 
requires; as: may be ſeen in the following examples, which are in- 
ſerted for the: benefit of thoſe who require a greater degree of accu- 
racy. 


TX AMPLE VL 


Suppoſe a ſhip from the Bay'of Biſcay, bound to the Engliſh 
Channel, in a briſk gale running N. by E. 3 E. per compaſs, at the 
rate of 9 kn ots per hour, at io H OM A. M. per watch; obſerved 
the fun's altitude 149 18' bearing S. 3 E. by compaſs, and at 1 H. 
40 M. P. M. per watch, the ſun's altitude again was found 14 15, 
the latitude by account being 499 17'N. and the ſun's declination 
259®28'S, Required the true latitude ? 

. 


*— — 4as —. 


THE LATITUDE AT SEA, 


The Crrection to the firſt Altitude, 


The time of the firſt obſervation is 10 H. o M. A. M. and of the 
ſecond 1 H. 40 M. P. M. the elapſed time is 3 H. 40 M. and the 
rate of failing is 9 miles per hour; then ſay, by the Rule of Three, 
28 1 H. is tog miles, ſo is 3 H. 40 M. to 33 miles, the diſtance run 
in the elapſed time. 5 

Again, the ſun's bearing at the firſt obſervation is ſouth 4 E. the 
oppolite point to which is N. 4 W. or + point, and the ſhip's courſe 
during the elap. time is N. by E. 3 E. 1 4 points, ſo the angle of 
ſhip's courſe with the ſun's bearing is 2 points. | 

Now in the table of difference of latitude and departure, to the 
courſe 2 points, and diſtance 33, the difference of latitude is 29, 
and the ſhip fails from the ſun : therefore from the firſt obſerved al- 
titude 139 18 take 29% the remainder 12 49', the firſt altitude cor- 
rected, which is to be uſed in the operation, as follows: 


Let the circle repreſent 
the compaſs N, S, E, W, 
and A the ſhip's place. 
Take the ſhip's courſe N. 
by E. 3 E. or 14 point, 
and ſet it off from the north 
towards the eaſt ; take the 
ſun's bearing 8 4 E. or 3 
of a point, and let it off 
from the ſouth towards 
the eaſt; the oppoſite point 
is AG, N. 3 W. then 
will GAC be the angle 
the ſhip has made during 
the elapſed time, which 
angle being ſet off from 
the north, (or meridian) 
to the eaſt, will be the 
true courſe the ſhip has 
made from the ſun, as the 
angle BAD. From A to D ſet off 33 miles, the diſtance failed in 
the elapſed time, from D draw a line parallel to the E. and W. to 
cut the north or meridian line at B, then AB will be the difference 
of latitude 29 miles, that the ſhip has ſailed from the ſun during 
elapſed time; which being ſubtracted from tne firſt altitude leaves 
the firſt altitude 12 49, which is to be uſed in the operation. Had 
the ſhip failed towards the ſun, the above 29 miles muſt have been 


added to the firſt aue, 
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H. NM. 8. Alt. Nat. 8. Lat. 4917 018554 


Times 10 o 0 14®15'=24615 Decl. 23 28 0,03740 
140 © 12 49 =22185 eee, 

— Log. ratio 0,22303 

Ela. T. 3 40 o Diff. N. S. 2430 Its , 3538561 
l S Its log. O,33559 
Ar. 10 0 — 
o 10 o Time correſponding to 359442} 

I 40 © Its log. in col. of riſing is 3297179 

Log. ratio — — 0,2303 

90 o 5606 Nat. Num. of 3774867 


17 35 24615 


Zen. diſt. 72 25 N. S. M. Alt. 30221 = 17 35 
Declination 23 28 


Latitude 48 57 N. 
But as the latitude by computation differs conſiderably from that 
by account, the work muſt be repeated. 


Latitude 48 5% S0, 18202 
Declination 23 28 0403749 
Log. ratio o 22011 
H. M. 8. Diff. S. N. 2430 Its log. 3,38 501 
1 50 o | Its log. 0,33559 


o 10 o Timeanſwering to 359413 


90 © 1 40 © Its log. in col. of riſing 3,9770 


17 37 Log. ratio 0,2011 
Zen. diſt. 72 23 8. 5644 Nat. num. of 375159 
Declina. 23 28 8. 24615 


. 30259 N. S. mer. alt. 17 37/. 
This latitude differing only 2 miles from that uſed in the compu- 
tation, it may be depended upon as the true latitude. 


EXAMPLE. VII. 

A ſhip failing N. E. half E. by compaſs, at the rate of ꝙ knots an 
hour, at o H. 31 M. 40 S. P. M. per watch, I found the altitude of 
the ſun's lower limb 28 20 above the horizon of the ſea, the eye 
being elevated 20 feet above the ſurface of the water, and the ſun's 
bearing by compaſs being at the ſame time S. by W. and at 2 H. 
58 M. 208. P. M. by watch, the altitude of the ſun's lower limb 
was 16 41 above the horizon, the eye being elevated as before, and 


the latitude by account, at the time of the laſt obſervation, Was 


48 o' north, and the declination 135 17 ſouth, Required the true 
latitude at taking the laſt obſervation ? Fir 


— 


iger 
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Firſt obſerved alt. ſun's lower limb 280 20. Second ditto 1641 


Refraction to be ſubtracted 2 3 
Correction for refraction 28 18 16 38 
Dip of the horizon ſubtracted 4 4 
App. alt. 28 14 16 34 
Sun's ſemidiameter added o 16 Ke o 16 

ets VIE 
Corre altitude of ſun's centre 28 30 16 50 


Correction for the firſt Altitude. 

The time of the firſt obſervation o H. 31 M. 40 S. P.M. of the 
ſecond 2 H. 58 M. 20 S. P.M. fo the elapſed time is 2 H. 26 M. 40 
8. : the rate of failing is 9 miles per hour, . Then as 1 H.: ꝙ miles 
: 2 H. 26 M. 40 S.: 22 miles, the diſtance run in the elapſed time. 

Again, the ſun's bearing at the firſt obſervation is 8. by W. the 
oppoſite point to which is N. by E. or 1 point. 

The ſhip's courſe during = ela. time is N. E. + E. or 41 pts. 
So the angle of the ſhip's courſe with 

the fun's bearing is F j N. E. by N. + E. 35 pts. 

In the table of difference of latitude and departure, to the courſe 
points, and diſtance 22 miles, the difference of latitude is 17 
miles, while the ſhip ſails from the ſun. 

Wherefore, firſt obſerved altitude 28“ 30'/—17'=28® 137 the firſt 
correct altitude to be uſed in the operation. 

H. M. s. Alt. N. S. Lat. by ac. 48 , 17449 
Times. o 31 40 28*13 47281 Declin. 1317 01178 


2 58 20 16 50 28959 — — 
— — Log. ratio 0, 18627 
Ela. T. 2 26 40 Diff. N. S. 18322 Its log. 4726297 


El. T. 1 13 20 Its log. from col. of I elapſ. time o, 50232 


I 46 30 In col. of mid. time correſponding to 4,9556 


0 33 10 Its log. from col. of riſing 301923 
ratio 0.18627 


Log. 
N. S. gr. alt. . 
90 o 681 N. numb, of 2, 83296 
Mer. alt. 28 40 ä | 


—— N.S.mer.alt. 2 289 40 
Zen. diſt. 61 20 8. . : 
Decl, 13 17 8. 
Lat. 48 3 N. 
And as it differs but three miles from the latitude by account, it 
may be taken as the true latitude. 
E e Dueſtions 
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Queſtions for Exerciſe. 


"Ft. Being at ſea in latitude by account 399 28 N. when the ſun 
declination was 202 41'N. at 11 H. 30 M 15 S. A.M. per watch 
the altitude of the ſun's lower limb was obſerved to be 689 18 45 
and at 12 H. 26M. 28 S. P. M. it was 70 58', the height of the 

e being 21 feet above the ſurface of the ſea, Required the true 
latitude of the ſhip? Anſwer, 39* 28' N. 
24. Being at ſea, in lat. 50 40 N. by account, at 10 H. 17 M. 
30 S. A. M. per watch, the altitude of the ſun's lower limb was g. 
ferved to be 17 4 J, and at 11 H. 1 M. 30 S. it was 19* 313 
the declination being then 20 8. and the height of the eye 21 feet 
above the ſea. Required the latitude in? Anſwer 50? o' N. 
1 Suppoſe a ſhip at fea in lat. 47 34 N. by account, at q H. 
55 M 30S. by watch, the altitude of the ſun's lower limb was 17524, 
bearing by compaſs S8. by E. 4 E. and at 12 H. 54 M. 10 S. his al: 
titude was 2145 J the declin. being then 19“ 30/8. the height of 
the eye 20 feet above the fea, and the ſhip's courſe by compaſs was 
E. 3 S. at the rate of 7 knots per hour. What was the latitude? 
Anſwer 47 24 N. 
th. At 11 H. 28 M. 208. A M. per watch, the altitude of the 
ſun's lower linib was 28 18, the ſun bearing then S. by W. by 
compaſs. At 2 Hf. 58 M. 20 S. P. M. his altitude was 169 40, the 
height of the eye 20 feet, his declination being then 13017 S. and 
the latitude then by account 47 50 N. the ſhip's courſe during the 
:elapſed time was N. E. with her larboard tacks on board, failing at 
the rate of fix knots, and made half a point lee-way. What latitude 
was ſhe in when the laſt altitude was taken? Anſwer 482 of N. 
By the ſhip's courſe per compaſs is to be underſtood, its courſe 
made good, lee-way, if any, being firſt allowed, or the courſe, by 
compals, corrected for the lee-way only, but not for the variation, 
Had the variation of the compaſs been applied, both to the ſhip's 
courſe and the ſun's bearing, it would not have made any difference 
in the operation or reſult, as the angle formed by them will always 
be the ſame, whether they are both eſtimated by the compaſs, or 
when the variation is allowed on both, 
This method of finding the latitude is of excellent uſe, ſince there 
are ſo many circumſtances at ſea, which deny the opportunity of 
having the ſun's meridian altitude; and as the knowing the true la- 
titude is of the greateſt confequence, eſpecially in coming into the 
Engliſh channel, &c. where there are frequent obſtructions of 
clouds, every ſeaman ought to be ready, at determining his latitude, 
by this method, whenever an opportunity offers, leſt he ſhould not 
(ce the ſun upon the meridian. | 
Nor. The nearer to noon the obſervations are taken the better; 


provided the elapſed time be not much leſs than half the interval of 


time, when they are both taken on the ſame fide of noon, nor much 
| | greater 


ter 


' 2 ee e. 


| 
C 


eo © — 
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r than once and half the greater interval, when taken on dif 
ferent ſides of noon. | 


Jo find the LATITUDE by one ALTITUDE of the Sun, when the 
Time is not more diſtant than one Hour from Moon. 


R U L E. 
To find the true Time. 

HEN the ſun's declination and complement of the latitude 

are both north or both ſouth, their ſum, but if one be north 
and the other ſouth, their difference is the meridian altitude. 

From the natural fine of the ſun's meridian altitude, ſubtract the 
natural fine of the true altitude. 

Then add together, z ; 1 

The log. co-ſecant of the comp. of the lat.) Rs 

The — ſecant of the ſun's . reject their indexes, 
and the common logarithm of the difference of natural fines into one 
ſum, The ſum of theſe three logarithms, being found in the co- 
lumn of riſing, the hours, minutes, and ſeconds correſponding to it, 
will be the true time from noon when the altitude was taken. 


EXAMPLE. 


Being at ſea in lat. 50? 40' N. by account when the ſun's declina* 
tion was 20? ſouth, at 11 H. 17 M. A. M. per watch, ſun's alt. was 
199 417, Required che true time? 


Comp. lat. 39. 20 N. Co- ſec. o. 19803 
Declination 20. 00 8. Sec. 0.02701 
Sup. in alt. 19. 20 Nat. fine 33106 
— — L. ra. 0.22504 
Obſer. alt. 19. 41 Nat. five 33682 
| 576 Co. I. 2.76042 H. M. $. 
— — 12. oo. oo 


Log. in col. of riſing 2.98546 is =00. 32. oo 


True time at ſea 11. 28 

Having the true time previous to the obſervation, to find the 
—_— of altitude. 

Add together the logarithm found in the col. of riſing anſwering 
to the minutes and ſeconds the ſun had to riſe when the altitude was 
taken, and the ſecant of the ſuppoſed meridian altitude from this 
ſum, (the index being increaſed by 38,) ſubtract the log. ratio, the 
remainder is the log. ſine of the change of altitude from the time of 
obſervation to noon ; which being added to the- obſerved altitude 
gives the ſun's meridian altitude. | By 


* The g is the inden af fo: n: is he calinn of riſing. 
S 2 
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Log. in col. of riſing of 32 M. 2, 98820 Obſer. alt. 19, 41 


Log. ſec. m. alt. 19 20 o. 02521 Cha. of alt. + 21 

— 

Increaſe index 5. Tr. m. alt. 20. 02 
| | 8. 01341 
Subtract log. ratio O. 22504 


Log. ſine chan. of alt. 21 min. 7. 78837 
E X AMP]. E IL 


Being at ſea in lat. 60 north by account when the ſun was on the 
equator at 1 H, o M. P. per watch, the ſun's alt. was 2853. Re. 
quired the true time and latitude in? 

Com. lat. 30.00 N. Nat. fine gooco C. ſec. 0.30103 Log. ratio, 


Ob. alt. 26.53 Nat. fine 48303 


Ch. of lat, 1.08 1697 Com. log. 3.22968 
— H. M. 
T. m. alt. 30.01 Log. in col. of riſing is 3.530% 11. oo Tr. J. 
Zen. diſt. 59.5 N. Log. ſec. mer. alt. 0.06247 
The S. being on the equator. Increaſe index 5. 
8.59318 
Subtract log. ratio 0.30103 


— OO — — 


Log. fine chan. of alt. 1% 08“ 8.29215 


EXAMPLE III. 


Being at fea in lat. 39% 28' north by account, ſun's declination 20 
41 north at 26 M. 28 S. P. M. ſun's alt. was 719 10', Required 
the true time and latitude at the ſhip ? 

Comp, lat. 50.32 N. Co. ſec. o. 11239 
Declination 20.41 N. Nat. fine 94574 Secant 0.02893 


— — — 


Sup. m. alt. 71. 13 Nat. fine 94646 0.14132 


— ——— —— - 


28 Com. log. 1.44716 

— u. s. 
Obſer. alt. 71. 10 Lo. in col. of riſing is = 1.58848=6.30 T. I. 
Chan. alt. 3 Log. ſec. ſup. mer. alt. 0.49216 ſat ſh. 


T. mer. alt. 71.13 Increaſe index 5. 
Zen. diſt. 18.47 8. 7.08064 
Declination 20.41 N. Subtract log. ratio 0.14132 


— — — 


Lat. in 39.28 N. L. ſine chan. of alt. 3 m. 6.93932 
| NOTBS, 


- 
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zft. The altitudes for determining how much the watch differs from appa- 


rent time had better be taken in the morning, or evening, when the ſun's 
altitude does not exceed 18 degrees. | 

2d. An error in the ſuppoſed latitude can make very ſmall difference in the 
change of altitude; and the nearer the altitude is taken to noon the better to 
fad the change of altitude. ; 

zd. This method is not to be depended on ſhould the apparent time exceed 
an hour from noon, and, in fome inſtances, not then; ſuch as altitudes taken 
near the equator ; or when the meridian altitude exceeds o degrees; nor is 
there much occaſion for this method, or that of the duuble altitudes there, 
fince there is genecally a clear horizon, and conſequently a meridian altitude 
ealily obtained. 


To find the Latitude by the Meridian Altitude of the Moon. 


N page 6th of the month in the Nautical Almanack, find the time 
of the moon's paſſing over the meridian of Greenwich. 

Turn the longitude into time, by Table XI. and add it to the 
above time, if it be weſt, but ſubtract it, if it be eaſt: the ſum or 
difference will be nearly the time of her paſſage over the meridian 
of the place of obſeryation ; which call reduced time. 

In page 7th of the month in the Almanack, find the moon's ſemi- 
diameter, and horizontal parallax, at the reduced time. 

Take the difterence between the moon's ſemidiameter and dip, 
and add it to the obſerved altitude, if the lower !imb was obſerved, 
but ſubtract their ſum if the upper limb was obſerved; the ſum or 
difference will be the apparent altitude of her centre. 

From the proportion logarithm of the moon's horizontal parallax, 
found in Table IX. increaſing its index by 10, ſubtract the log. co- 
line of the moon's apparent alt. the remainder will be the prop. log. 
of the moon's parallax in altitude, from which take her refraction, 
the difference will be a correction, which being added to the appa- 
rent altitude, will give the true altitude of her centre: hence the 
zenith diſtance, to which apply her declination, and you will have 
the latitude. 

NoTe. The moon's declination is ſet down in page the 6th of the 
month for every noon and midnight in the Nautical Almanack. 

Therefore find the declination for the neareſt noon and midnight 
both before and after the reduced time, and take the difference. 

Then as 12 hours: is to the difference in 12 hours : : ſo is the re- 
duced time : to a proportional part ; which being added to or ſub- 
tracted from the declination, the noon or midnight before the reduced 
time, according as it is increaſing or decreaſing, will give the deeli- 
nation at the time and place of obſervation. 


EXAMPLE I. 


Suppoſe on Sept. 21, 1796, in long. 459 weſt, the altitude of the 


moon's lower limb, when on the meridian ſouth of the obſerver, 
ſhould de 6) 434, the eye being 23 feet above the ſea. Required 
the latitude ? 

Of | By 
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By the Almanack, the moon paſſes over the meridian of Green. 
wich that day at 16 H. 10 M. afternoon, and the 4.5? weſt turned into 
time and added to it, gives 19 H, 1o M. that is 7 H. 10 M. paſt mig. 
night, the time ſhe = the meridian of the place of obſervation, 


Hor. par. 5915 Prop. log. 10,4826 Moon's obf. alt. 6% 47 300 
App. alt. 67 55 Log. co-ſi. 0,5751 Sem. dia. 16* 8' [I 

—— Dips + 34) mn 

Prop. I. of M's p. in alt. 22 16” 9075 — 

Moon's refraction 23 App. alt. 67 55 4 

21 53 Correct of moon's alt. 21 53 

Sept. 21ſt, —— 

Moon's decl. at midnight 17937 17 %½7 M's tr. alt. 68 16 5 

Sept, 22d, ditto at noon 19 23 1 3 90 


i 46 18 40 Zen. diſt. 214335, 
As 12 H.: 17 46:: 7 H. 10 M.: 19 3' Decl. 18 400N, 


Lat. in 4023 3N, 
Nor E. If the neareſt minutes are taken and the ſeconds rejected, 
it will be ſufficiently exact for the purpoſe of finding the latitude. 


\EXAMPLE II. 


Suppoſe on Dec. 13, 1796, in long. 30“ eaſt, the alt. of the moon's 
upper limb ſhould be obſerved when on the meridian, being then 
ſouth 56915', the eye 20 feet above the fea. Required the latitude? 

The moon paſſes over the meridian of Greenwich that day, b 
the Almanack, at 11 H. 23 M. afternoon. The long. in time 2 f. 
ſubtracted from 11 H. 23 M. leaves 9 H. 23 M. for the time ſhe 

fles the meridian at the place of obſer vation. 

At this time the moon's ſemidiameter is found to be 16 41”, and 
her horizontal parallax 61/ 100%. 1 
H. par. 61' 10” P. L. 10, 4687 Alt. M's up. IJ. 5675 0 
Ap. alt. 55% 4 Col. 9,7487 Sem. diam. 16' 41 7 | 

| — „Dp. 416 20 57 


P. log. of P. in alt. 34 18 7200 — — 
Refraction 0 App. alt. 914 
— Cog. of moon's alt. 33 40 
33 40 — 

| Moon's alt. 56 27 43 
| Moon's decl. Dee. 13, at noon 19* 18' ⸗ 90 o o 
Ditto at midnight 20 $9 — 
— Ten. diſt. 33 32 17 

Diff. T0 4r ' 


As 12 H.: 1 fi“: : 9 H. 23: 119 1 
; Deel, at noon 9 l Ped. 2 


— —— — 


La 17N. 
it. 54 9 775 
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To find the Latitude by the Meridian Altitude of a Planet. 


In page 4th of the month in the Nautical Almanack are given the 
declinations and times of the planets* pallage over the meridian of 
Greenwich every ſix days. 

Reduce the longitude into time, and add it to, or ſubtract it from 
the times of their paſſage over the meridian of Greenwich, accord. 
ing as their longitude is eaſt or weſt : the ſum or difference will be 
the time they paſs the meridian of the place of obſervation : correct * 
the obſerved altitude for the dip and refraction, with this corrected 
altitude and declination find the latitude ; as for 


EXAMPLE. 


Suppoſe in long. 45 W. on Oct. 1, 2796, the meridian altitude 
of Jupiter, when ſouth of the obſerver, ſhould be 41% 30', the eye 
22 ſeet above the ſea, and the latitude be required ? 

By the Almanack Jupiter paſſes the meridian of Greenwich that 
day at 9 h. 53 m. afternoon; and 3 h. the long. in time, added to 
it, gives 53 m. after 12 at night, when he paſſes over the meridian 
of the place of obſervation. 

| Meridian alt. 419530“ of 
Dip. 4' 28" + Refract. 14 =o 5 32 


True alt. 41 24 28 
90 


Zen. diſt. 48 35 328. 


Declination 11 12 OS. 

Latitude 37 23 32 N. 

The declination of the planets are ſet down for every 6 days, but 
may be found for intermediate days by taking proportional parts. 


— > —  — 


OF THE PARALLAX. 


ARALLAX is the difference between the altitude of the ſun, 

moon, or ſtar, and the altitude of the ſame object ſeen at the 

ſame time from the earth's ſurface; or it is the angle the earth's 

ſemi-diameter would appear under by an obſerver placed at the ſun, 
moon, or ſtar. 

Phe parallax of the heavenly bodies are greateſt when in the hori- 
20n, hence called the horizontal parallax ; that of the moon's is ſet 
down in'the Nautical Almanack for every noon and midnight, and 
lies between 54' and 62/ ; the parallax diminiſhes W 5 

. Altitude 
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altitude of the object until it comes to the zenith, where it is no. | 
thing; the difference of the elevation of objects is called the parallax 
in altitude, and it is eaſy calculated by faying, as radius is to the 
horizontal parallax, fo is the co-ſine of the altitude to the parallax 
in altitude: now, as all objects are depreſſed by their parallax, fo 
they are elevated above their true altitudes by refraction, 


4 
Lo, 


— III 


A 
5 T M D 


a 


% 


Let PT repreſent the earth, 7 ehdcentre, Mb Va part of the 
moon's orbit, DD part of the ſun's orbit, and the rational as wel! 
as AA is the ſenſible horizon. | 

"Now, an obſerver at T will ſee the moon in the line ) R, when 
another at P at the ſame time will fee her in the line JA in the ſen- 
fible horizon, and the angle PT —=MTI SAU R is the horizon- 
tal parallax ſet down in the Nautical Almanack for every noon and 
midnight, and lies between 54 and 62'; this angle diminiſhes as the 
object approaches the zenith; for ſuppoſe the moon in the line Py 
the < DOS PO is leſs than the <ADR=< TIP, ſtill 
diminiſhing until it comes to the zenith Z, where it is nothing, 
To find the diminution ob parallax in altitude, fay, as radius : is 
to the horizontal parallax : : fo is the co- ſine of the apparent altitude 
: to the parallax in altitude, 

The parallax of the moon is greater than any of the reſt of the 
planets, owing to her being neareſt the earth, the vaſt diſtance of 
the ſun and ftars rendering their parallax ſo ſmall, that they are often 
neglected in nautical calculations; for ſuppoſe the ſun at F or 8, 
then the < TFP HT F is the ſun's parallax, about 84 ſeconds. 

Having the earth's ſemi-diameter and the parallax of any of the 
| planets, their diſtance may be found, by ſaying, as the tangent of 
the parallax : is to the earth's ſemi-diameter in miles : : ſo is radius 
to the diſtance, | 

Having the diſtance, the parallax is found by ſaying, As the diſ- 

4 tance 


NEW METHGD OF FINDING, &c, 223 


tance : is to radius : : ſo is the earth's ſemidiameter : to the tangent 
of the parallax. 

The earth's ſemidiameter is 1146 nautical leagues, the ſun's diſ- 
tance from the earth is 27,809,344, the moon 69,059, Mercury 
10,764,503 Venus 20, 115, 40 Mars 42,372,897, Jupiter 
14003558 33, and Saturn 265,283,603 leagues. 


To reduce the Sun's Declination from Noon at Greentoicl, 
to the Noon under any other Meridian. By Table XVIII. 


W 


iſt, ITH the longitude in from Greenwich, in the top co- 
lumn, expreſſed both in time and degrees, look for that 
anſwering neareſt to your longitude in, 

2d. Look for the day of the month in the ſide column, the num- 
ber of minutes and ſeconds where that cuts (in the ſame col. of your 
longitude in) is either to be added to, or ſubtracted from the decli- 
nation that day at Greenwich, 

To know whether it is to be added, or ſubtracted, look at the 
top, and under the column of the day of the month you will ſee, add 
in eaſt, or ſubtract in weſt, (and vice verſa) which having done will 
give the true declination for the noon at the place of obſervation. 


EXAMPLE. 


Required the true declination, Ottober 10, 1796, in longitude 52® 
E. of Greenwich, 
Sun's decl. Oct. 10 at Greenwich 7% 32“ per Ephemeris, 
Varia. of decl. tables, Oct. a 

pi” f * 10 To mY N 9 | o 3 15 to be ſub. in caſt long. 
True decl. Oct. 10, 4 52 E. 658 17 


To reduce the Sun's Declination from Noon at any Meridian, to any 
ot her Time under that Meridian. 


R UL Ee 


It, With the time from noon in the wp of column, look for that 

anſwering neareſt to this time. | 
2d. Look for the day of the month in the fide column, the num- 
ber of minutes and ſeconds, where that cuts (in the ſame column of 
the time from noon) is either to be added to, or ſubtracted from the 
declination that day at Greenwich, noon. | 
To know whether it is to be added or ſubtracted, look at the top, 
and under the column of the day of the month you will ſec, add 
aſternoon, or ſubtract before _ (and vice verſa) which your _ 
| | F one, 
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done, will give you the true declination for any time differing ſrom 
noon. 

Nor. In all calculations for determining the longitude, the ſun's 
declination is taken out of the Nautical Almanack, as it is there cal. 
culated to the neareſt ſecond. 


EXAMPLE. IL 
Required the ſun's true declination October the Toth, 1796, at 

8 H. 21 M. in the forenoon, in longitude 52 E. of Greenwich ? 
Variation of decl. Oct. 10, per table in long. 52 E. 


ſobtract in eaſt longitude x 2 - $9- 3.15 
Variation for decl for zh. 39m. from noon Oct. 10, A 6 
per tables to be ſubtracted before noon - 5 22 
Sum of variations ſubtract - - - 0 6417 


Sun's declination per Naut. Al. Oct. 10, at Greenwich 7 13 28.; 


True decl. Oct. 10, in long. 52 E. at 8 h. 21m. A. M. 6 6215, 


e . 
Required the ſun's true declination, May 7, 1796, at 5 h. 30 m. 
P. M. and in longitude 35? 30 weſt of Greenwich? 
Varia. of declination May 7, in long. 53? 30 my H. M. 8. 


Add in weſt longitude - 1 
Varia. of decli. for 5 h. 30 m. from noon May 7, 
per tables, to be added afternoon, - 15 99 38 


Sum of Varia. Add, or correction of declination - © 5 33 
Sun's declination May 7, per Ephemeris - 07. $24 
T. decl. May 7, long. 35 30 W. at 3h. 30 m. P.M. 17 10 57 

The above method will give the ſun's declination ſufficiently cor- 
rect for all nautical purpoſes; but thoſe who wiſh to come to the 
greateſt degree of exactneſs may uſe the following method. 

Turn the ſhip's longitude into time by Table XI. and add to it 
the time per watch, if the longitude be weſt, but ſubtract it if the 
longitude be eaſt, the ſum or difterence will be the time at Green- 
wich, which call the reduced time. | 

Look in the Nautical Almanack for the given day, and in page the 
2d of the month ſtands the ſun's declination. 

If the reduced time be in the morning, take the difference of de- 
elination between the noon before and noon after the reduced time. 

Then ſay by the Rule of Three, 

As 24 hours: is to the daily difference of declination : : ſo is the 
reduced time: to a number of minutes and ſeconds, which being 
added to the declination the noon before if it be increaſing, or ſub- 
tracting it if decreaſing, the ſum or difference will be the declination 


t the thip. 
— Ti 


8 
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To find the Apparent Time, and thereby regulate the Going 
of the I Vatch, and First, by Equal Alliludes of the Sun. 


T the time when the watch ſtands in need of being regulated 
for the obſervations intended, let the ſun's altitude be taken at 
any convenient time in the forenoon, 2, 3, 45 Or 5 hours diſtant from 
the meridian. Set down the altitude with the correſponding time 
exactly (the index being already ſet to the morning altitude :) note 
down the time of the ſame altitude in the afternoon ; half the ſum 
of theſe two times is the apparent time ſhewn by the clock or watch 
when the ſun was upon the meridian of that place. But it muſt here 
be obſerved, that if the change of declination be conſiderable during 
the elapſed time, it muſt be allowed for, by adding the difference to, 
or ſubtracting it from, the ſecond altitude, according as it is increaſ- 
ing or decreaſing. Let that an altitude taken in the forenoon can- 
not by the interpoſition of the clouds have a correſponding one in the 
afternoon ; it is therefore proper to take ſeveral in the forenoon, in 
order to ſecure a correſponding one in the afternoon. And, if ſe- 
veral equal altitudes can be taken on both ſides of the meridian, it 
will be beſt to find the noons for each pair, and the means of all the 
noons thus found for the true one, 

When there is reaſon to believe that the watch gains or loſes con- 
ſiderably, other ſets of obſervations may be taken on ſucceſſive days, 
whereby the daily variation may be found and allowed for; by 
which means the artiſt will have little more to do in finding his lon- 
gitude by obſervation, than to reduce the obſ-rved diſtance of the 
objects to the true diſtance of their centres; the ſhip's time being 


ſhewrby the watch previouſly regulated. 
EXAMPLES: 


True noon 


May 20, 1796, ſuppoſe that at 

g h. 40 m. in the forenoon, and 

3h. 16 m. afternoon by watch, 

the ſun had equal altitudes, and 

the going of the watch be re- 
quired ? 

H. M. 

Now add together 12 © 


| gives noon per watch 11 58 
- - 2 


Watch flow < - * | 


March 18, 1796, in lat. 49* N. 
ſuppoſe at 8 h. 10 m. 58 8. fore- 
noon, and at 3 h. 58 m. 348. you 
have equal altitudes of the fun. 
Required the going of the watch ? 

The diſtance of the time from 
noon when the firſt was taken is 
3h. 49 m. 28. doubled is 7 h. 
38 m. 48. and the daily decreaſe 
of decli. at this time is 23 m. 41 8s. 

Now as 24 h.: 23 41 ;: 7 h. 
38 4 : * I, 

Hence the index of the qua- 
drant muſt be ſet 7'4 forward on 
the arch, to correſpond with the 
morning alt. whence the watch 
will be found 4' 46 too faſt. 

2 Here 
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Here it is ſuppoſed that the ſhip is lying by, or makes no way 
through the water; but if ſhe is ſailing to or from the ſun, proper 
allowance muſt he made for her run, during the elapſed time; but 
the following methods of finding the time will auſwer every purpoſe 
at ſea. 


To find the Arparent Time by the Sun's Altitude. 


Find the ſhip's latitude and longitude by account, at the time of 
obſervation, by carrying the reckoning forward to that time 

With a quadrant well adjuſted, take the altitude of the ſun's 
lower limb. 

Take the difference between the ſemidiameter and dip of the ho. 
rizon, and add to it the obſerved altitude, the ſum will be the ſun'; 
apparent altitude. 

Jake the difference between the ſun's refraction and parallax in 
altitude, and ſubtract it from the apparent altitude; the remainder 
will be the true altitude of the ſun's centre; hence the truc zenith 
diſtance, 

Turn the ſhip's longitude into time, and either add to or ſubtract 
from the time per watch, according as it is eaſt or weſt ; the ſum, or 
difference, will be the reduced or ſuppoſed time at the place of obſer. 
va 10. 

Take the ſun's declination out of the Nautical Almanack, and 
proportion it to the reduced time: with the ſun's true declination 
find the polar diſtance : then, 

Add together, The zenith diſtance, 

'T he co-latitude, and 
Polar diſtance, into one ſum. 

From half this ſum ſubtract the zenith diſtance, noting the half 
ſum and remainder, then add together 

The log. co-ſecant of the comp. of the latitude, | rejecting their 

The log. co-ſecant of the polar diſtance, indexes, 

The log. ſine of the half ſum, and 

The log. fine of difference, into one ſum. 

Take the log. fine of half the ſum of the four logarithms, which 
being doubled and brought into time as before, will give the times 
from the midnight before the altitude was taken. 

Half the ſum of theſe four logarithms will give the log. co- ſine of 
half the hour angle; which being doubled and turned into time, by 
allowing; 15 degrees ior every hour, &c. or more briefly by the 
Table, will give the true time, if the altitude was taken in the atter- 
noon ; but it in the forenoon its complement to 24 hours will be the 
true time, reckoned from the preceding, or noon before. Or, what 

erhaps will be found more eaſy to the learner : 

Norte, The refraction is found in Table XII. of this book. 

The dip of the horizon, Table XIII. in ditto, 


The 
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The ſun's parallax in alt. Table XIV. in ditto, 

The ſun's decl. in page 2d of the month, and 

The ſun's ſemidiameter 1a page 3d of the month in the 
Nautical Almanack. 


EAAMETLE 5 


Suppoſe on the 7th of May, 1796, at 5h. 30 m. 32s. P. M. or 
afternoon per watch, in latitude 39? 54 N. and long. 355 35 welt 
of Greenwich, by account, the altitude of the ſun's lower limb ſhould 
be found to be 15? 45% the eye being 18 feet above the ſurface of the 
ſea, and the true apparent time when the obſervation was made was 


required ? 


| - 
ol 
10 
| 


Obi. alt. S.'s L. L. 1545 “ Lat 39 54 N. 
90 
Dip 4“ ſemi. 15 53“ diff. 11 50 
ths —— Co-lat, 50 6 
Ap. alt. S.'s L. L. 15 $5 50 — — 
Refra. 3 17“ par. 8 diff. 3 9 Sun's decl. May 7, per N. A. 17 424” 
— V. dec. p. tab. for lon. 35% W. add 1 42 
| Sun's true alt. 15 53 41 Ditto for 5 h. 30 m. from noon add 3 52 
— True decl. cor. for lon. and time 17 10 $$ 
Zenith diſt, 74 6 19 90 
—ũ—ô— — — — 
Polar diſt. 72 49 2 
Cos lat. co 6 00 Co- ſecant 0.11581 
Polar diſt. 72 9 04 Co- ſecant 0. 01913 
Sum 2)197 of 21 
1 Sum 98 30 40 Log. ſine 9.99518 
Zenith diſt. ſub. 74 6 19 
Remainder 24 24 21 Log. fine 9.61616 
Sum of 4 log. 19. 74628 
Sum log. co-ſi. J hour ange A 987314 
2 — — 
Hour angle 8 5 33 34 
Time at ſhip per watch 83 23 28 in time 5 30 32 
Watch flow 22 


Norte, The co-ſecant of any arch, (rejecting index) is equal to 
the arithmetical co- ſine of that angle. 

By turning the longitude weſt into time, and adding to the time 
at the ſhip, gives the reduced time 7 h. 52 m. and the difference of 
declination between the 7th and 8th of May 16 10"; then by the 
Rule of Three, as 24: 16' 10" :: 7 h. 52 m.: 5 17", which being 
added, the declination May 7 = 172 5 24” gives 17 10 41, hence 
the polar diſtance is 72 49 19” and working with which will give 


the true time 5 h. 33 m. 325. 
EXAMPLE 
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EXAMPTLE I | 
Suppoſe that in the forenoon or A. M. on the gth of Oct. 1790, 
in latitude 51 3o' N. and longitude 52* E. the altitude of the ſuy' 
lower limb ſhould be found as under, the eye being 18 feet abgyg 
the ſea, and true apparent tine of the day was required? 


Times. Altitudes. Lat. $51*30 N. 


H. M. 12*28/ Co-lat. 38 30 
20 19 13 20 S,'s dec}. Oct. 10, per Naut. Alm. 7* 1 32 


— — 


20 20 14 51 Var. pertab. forlon. 52 E. ſub. 3 15 


561 3 40 39 Ditto for 3h. 39 m. T. from N. ſub. 3 26 


_ — —— 


Mea. 20 21 13 33 6 41 

S.'s ſem. 16' 5" diff 4 28“ diff. 1137 Decl. at ſhip | 6 54 518 
— 90 

App. alt. 13 44 37 Polar diſtance 96 54 51 

Retr, — 351 — par. 9 diff, 3 42 

Sun's true alt. 13 40 55 

Zenith diſt. 76 19 5 | 

Co-lat. 38 30 0 Co-ſec. , 20585 

Polar diſt. 96 54 51 Co.ſec. o, 0317 

Sum 211 43 56 

2- Sum 105 51 58 Log. fine 9,9831 

Zenith diſt. 76 19 5 . W's 

Remainder 29 32 53 Log. fine 9, 69298 

Sum 4 2)19,88513 


z-Sum = fine of 61* 10' 34” 4 the H. angle = 9,94256 


. 
Hour angle=122 21 8=8h, 9 m. 258. = time from laſt midnight 
Time per watch 6124 - © 


— 


Watch too ſaſt 11 
As the time is before noon, the ſine of half the ſum of the logs. 


is taken and doubled, which gives the hour angle reckoned from — 
a 
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If midnight; for there ſeems to be no neceſſity for taking the co- 

ene of half the four logs, unleſs the obſervation be made in the at- 

ternoon; and the learner perhaps will be leſs liable to make miſ- 
kes. 

5 The declination may be found thus: 

The time per watch is 20 h. 21 m. from laſt noon, the long. in 
time is 3 h. 28 m. which ſubtracted from 20 h. 21 m. leaves the ap- 
parent time 16 h. 53 m. the daily difterence of declination is 2244 
Now as 24: 22 44 :: 16 53 : 15 59", which being added to the 
ſun's declination Oct. the gth, =6® 38 48", gives 6 hours 54 minutes 
47 ſeconds, the true declination at the time and place of obſervation, 
whence the polar diſtance is 96? 54 47". 

Here again it may be proper to obſerve, that as the day in the 
Nautical Almanack begins 12 hours later than the civil day, and 24 
hours later than the ſea day, 20 h. 21 m. makes 8 h. 21 m. or 21 m. 
after 8 in the morning of Oct. 10th of the civil day, and 8 h. 21 m. 
A. M. Oct. 1oth, according to the ſea account of time, therefore 
the end of the ſea day, the noon of the civil day, and the beginning 
of the day in the Nautical Almanack, are all at the ſame time. 


To find the Apparent Time by the Altitude of a fixed Star. 


Correct the obſerved altitude for the dip and refraction. 

Find the ſhip's latitude by account at the time of obſervation. 

Find the ſtar's right aſcenſion and declination in Table XX. 

Then add together 

Zenith diſtance, 

Co-latitude, and 

Polar diſtance, into one ſum. | 

From half this ſum ſubtract the zenith diſtance, noting the half 
ſum and remainder, 

Then add together 

Log. co-ſec. of complement of the lat. | rejecting their 
Log. co- ſec. of polar diſtance, indexes. 
Log. fine half the ſum, and the 

Log. fine remainder, into one ſum, 

Half the ſum of theſe four logarithms will be the log. co-ſine of 
half-hour angle. 

Turn this hour angle into time, and apply it to the ſtar's right aſ- 
cenſion, by ſubtracting it when the ſtar is eaſt of the meridian, or 
adding it when it is weſt of the meridian, their fum or difference will 
de the right aſcenſion of the meridian or mid-heaven. 

From the right aſcenſion of the meridian (increaſed by 24 if ne- 
ceſſary) ſubtract the ſun's right aſcenſion the preceding noon at 
Greenwich, taken from page 2d of the month in the Nautical Alma- 
nack, the remainder will be the apparent time at ſhip nearly. 


4 10 
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To this time apply the long. of the ſhip from Greenwich turned 
into time, by adding it when it is weſt, or ſubtracting it when it i; 
eaſt, the ſum or difference will be the apparent time of the obſerya. 
tion nearly by the meridian of Greenwich. | 

Then lay, as 24 hours is to the daily variation of the ſun's riabt 
aſcenſion, ſo is this time to a number of minutes and ſeconds, wh; 
ſubtracted from the above time, leaves the correct apparent time x 


ſhip. 


— 


EXAMPLE I. 


Suppoſe on Sept. 7th, 1796, in lat. 5* 45 ſouth, and long. 30* 18 
eaſt of Greenwich, the altitude of the ſtar Procyon, being then eaſt 
of the meridian, ſhould be 28 16 and the eye 18 feet above the 
ſurface of the ſea. Required the true time? 


Star's obſ. alt. 28 160 o” Lat. by account 745 oo. 
Refrac. 1' 47" | 90 | 
Dip 4 5 50 — — 
— — ' Co-lat. 82 15 
Star's true altitude 28 10 10 —— 
| go Star's declination 5 44 58 
Zen. diſt, 61 49 50 — 
Polar dift, 95 44 58 Polar diſtance 95 44 58 
Co-latitude 82 15 0 Log. co-ſec. 0,00219 
— — Log. co- ſec. 0,00398 
Sum 239 49 48 
Half ſum 119 54 54 Log. fine 9, 93789 
Zen. diſtance 61 49 50 | 
Remainder 58 5 4 Log. fine 9g,9288r 
1 Sum 2) 19,87287 
Half- hour angle 30 15 Half ſum 9,93643 2 
2 * — — — 
— H. M. 5. 
Hour angle 60 36 = 4 2 © 
Star's right aſcenſion 7 28 39 
Right aſcenfion of meridian 3 26 39 
Increaſed by _ ” 
27 26 39 3 . 
Sun's right aſcenſion at noon x00 37 


Time at ſhip nearly 16 20 2 


——4 > Mi. a aa £AS 
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Time at ſhip nearly ee 
| Ship's lon. 30 180 eaſt in time 


Time at Greenwich nearly 


Sun's right aſcenſion, Sept. 7 
Ditta 8 


Daily difference 


H. M. 8. 
16 20 2 
831 


Then ſay, as 24 Hf.: 3 M. 36 8. :: 14 H. 18 M. 50 S.: 2 M. 98. 
which ſubtracted from 16 H. 20 M. 2 S8. the time at ſhip nearly, 
leaves 16 H. 17 M. 53 S. the true time at ſhip after noon, or 4 UH. 


17M. 53 S. after midnight. 


EXAMPLE II. 


Suppoſe on April 14, 1795, in lat. 48 56 N. long. 66 W. the 
obl. alt. of Aldebaran, when weſt of the meridian, ſhould be 225 


24 }, the height of the obſerver's 


eye 21 feet above the ſurface of 


the ſea, Required the true 2pparent time at ſhip ? 


Obſ. Alt. Star. Ald, 22924 30" 
Refrac, 2 18" 


=: $2 = 6 40 
Star's true alt. "22 17 50 
90 
Zea, diſt 674210 
(ebe. 927 
Sum 2)182 43 37 
Half Sum 91 20 25 
Zen. diſt. 67 42 10 
Remainder 23 28 15 


Half. hour angle 3710 Co- ſine. 
2 


Hour angle 74 20 r in you 4 57 20 


Lat, by acc, 43856 N. 


go 
Co. lat. 41 4 EE 
Star's decl, © 16 5 19 
90 


Polar diſt. 73 54 41 
Log. co-ſec. 0,017 36 
Log. co-ſec. 0,18248 


Sine 9,99988 


Sine 9,60309 
Sum 2)19,80281 
Half hue 3 
H. M. s. 


Hour 
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| H. N. s. 
Hour angle 74 20 =in time 4 57 20 
Star's right aſcenſion 4 24 14 
Right aſcenſion of meridian 9 21 34 
Sun's right aſcenſion I 33 30 
App. time at ſhip 743 4 
Long. 66 W. in time 4 24 o 
App. time at Greenwich 18 12 4 


Sun's right aſcenſion, April 14 1 33 30 
Ditto 15 1 37 11 


Daily difference — 3 41 

Then fay, as 24 H. :3M.41S.::12H.12M.45S.:1M.,28, 
which ſubtracted from 7 H. 48 M. 4 S. the apparent time at ſhip 
nearly, leaves 7 H. 46 M. 12 S. the correct app. time at ſhip. 


NoTEe. This method of finding the time is certain, could a good 
horizon be obtained in the night; but as that is not always the caſe, 
it is beſt to regulate the watch by the ſun. : 


Another Method of finding the Apparent Time, 
ECL 


When the ſun or ſtar's declination, and complement of lat are both 
north or both ſouth, their ſum®, but if one be north, and the other 
ſouth, their difference is the meridian altitude. 

From the natural fine of the ſun or ſtar's mer. alt. ſubtract the 
natural ſine of the true altitude. | 


Then add together 
The log. co-ſec. of the comp. of the lat. ? rejecting their 
The log. co ſec. of the ſun or ſtar's decl. and indexes, 
The log. of the diff. of the natural fines, into one ſum. 


The ſum of theſe three logarithms, being found in the column of 
riſing, the hours, minutes, and ſeconds correſponding to it, will be 
the true time from the noon when the altitude was taken, 

The four laſt examples may be worked by the above method. 


* If the ſum exceeds goꝰ ſubtraRt it from 185, and the remainder will be the me · 
tidian altitude, See- che two laſt examples of the ſun. 


EXAMPLE 
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EXAMPLE I. 


Co-latitude 50 6'N. Log. co-ſecant 0511511 
Declination 17 11 Log. ſecant , 1983 
Meridian alt. 67 7 N. ſine 9224 
True alt. 15 54 N. fine 27396 
Diff. of nat. ſines 64847 Its log. 4, 81189 
In col. of riſing gives true time 5 h. 33 300 — — 
differing 2" from the former method : 494683 
EXAMPLE IL 
Co-latitude 38? 3oN, Log. co-ſecant o, 20585 
Declination 6 55 8. Log. ſecant 0,00317 
Meridian alt. 31 35 N. fine 52374 
True alt. 13 41 N, fine 23656 
Diff. of nat ſines 28718 Its log. 4,45815 
In col. of riſing gives true time 3 h. 50 30” 466717 


Here we find the time found by this method differs 2 ſeconds from 
that found by the former, but it may be found to the neareſt ſecond 
by taking proportional parts. | 

Thus the difference between the log. of 3h. 50 30“ and 3h. 5r 
is 172, and the difference between the log. of 3 h. 50 30" and that 
in the calculation is 15. | 

Now as 172: 30" :: 15: 2", which being added to 3 h. 50 30%, 
gives 3 h. 50 32“ 


EXAMPLE III. 


Co-latitude 829 15 Co- ſecant o, oo 398 
Declination 5 45 Secant 0,00219 


Meridian alt. 76 30 N. fine 97237 
True alt, 28 10 N. fine 47204 


— — 


Diff. of nat. ſines 50033 Its log. 4, 69926 


In col. of riſing gives 4h. 2 m. 4370543 
Gg 2 EXAMPLE 


2.34 NEW METHOD OF FINDING 


EXAMPLE lv. 


Co. ſee. 018243 
Declination 16 5 19 Secant 9501735 


Mer. alt. 37 19 N. fine 84014 

True alt. 22 17 50 N. ſine 37933 

Difference — — 46081 Its log. 4566346 

In col of riſing gives 4 H. 57 M. 20 8. 2 48632 
Having ſound the hour angle, proceed to find the true time by the 

ſtars, as bh been ſhewn in the two laſt examples, worked by the 

former method. 


How to know the Stars. 


It ſometimes happens that for want of a map of the flars, or 2 
celeſtial globe, many are at a loſs to know whether they have obſerved 
by the right ſtar or not, as there may ſome other ſtars come to the 
meridian nearly at the ſame time. But this may be eaſily proved, 
by finding - the ſtar's meridian altitude as above; and if it nearly 
agrees with that on the quadrant, it muſt certainly be the right ſtar, 
otherwiſe not. The ſame may be obſerved of any of the planets. 

To know when any ſtar comes to the meridian, or what (tar will 
be on the meridianat any given time, ſee the explanation following 
Table XX. and for their riſing and ſetting, with that of the moon 
and planets, ſee the directions following T able XXII. in this book. 

'NoTE 1. If an obſervation of the fun has not been taken the pre- 
ceding noon, or two altitudes to find the latitude, it may be aſcer- 
tained by taking the meridian altitude of the ſtar, either before or 
after the obſervation is made for finding the time. 

N.UTE 2. If the ſhip's longitude cait of Greenwich in time be 
e than the apparent time at the ſhip, the apparent time muſt 

increaſed by 24 hours before the ſubtracting the longitude ; and in 
this caſe, the ſun's right aſcenſion muſt be taken out of the Ephe- 
meris for the preceding day of the month. And if the ſhip's !on- 

itude weſt of Greenwich in time, added to the apparent time at 
the place of the ſhip, makes more than 24 hours, 24 muſt be ſub- 
tracted from the ſum, to obtain the apparent time at Greenwich; 
and the ſun's right aſccnſion muſt be taken out of the Ephemeris 
for the ſubſequent day of the month. The object, whether ſun 
or ſtar, whoſe altitude is taken for finding the time, muſt be at lcalt 
three or four poi ts of the compals diſtant from the meridian ; be- 
cauſe, when near to the meridian, the alteration in altitude is too 
Now for aſcertaining the time with proper exactneſs: but the nearer 


the object is to the eaſt or weſt the better, provided it be not For 
an 


— a > ©. 
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than bo high; for the refraQion is ſo variable and irregular near to 
the horizon, that the effect of rarefaction upon objects cannot be de- 
termined with ſufficient accuracy, when their altitudes are leſs than 


6 degrees. 


The Method of finding the Loxcitupe at SEA. 


HE ſurpriſing improvements made in navigation within the 

laſt thirty years, 1s beyond the moſt ſanguine expectation; 
and though ſeveral nations have contributed towards this important 
end, the Engli h have (by the encouragement given by parliament, 
and the great improvements made in nautical inſtruments and cal- 
culations) outdone them all, ſo that, by help of the improved Sex- 
tant, the Nautical Almanac, and the Requiſite Tables, contained in 
this book, a ſkilful and expert obſerver can determine the longitude 
to a degree of certainty, that prople unacquainted with the opera- 
tion would ſcarcely think poſſible. 

What is here meant by a ſkilful and expert obſerver, is, an artiſt 
who can in an initant bring the two limbs of the objects whoſe an- 
gular diftance is to be meaſured into contact, in the centre of the in- 
verted teleſcope, and that can rectify any little defects or errors 
that the inſtrument is liable to on account of its being handled or 
moved about, &c. To do which the following inſtructions may be 
found uſeful to the young artiſt. 

iſt, The inſtrument muſt be adjuſted thus: bring O on the no- 
nius to coincide with O on the arch, then ſee it the index glaſs 
ſtands perpendicular to the plane of the inftrument, if it does not 
alter it by means of the ſcrews for that purpoſe : after which, the 
reflected image of the ſun muſt be brought direAly over the true 
image, ſo that but one image appears; this being done, which is by 


no means difficult, the inſtrument is properly adjuſted, as the little 


ſpeculum will ſtand parallel to the great one 
But to prove the inſtrument after this adjuſt ment, and to find if 
there is any index error, move the index forward on the arch, and 
bring the true and reflected images of the ſun's limbs into con act, 
and note what his diameter me ſures. Again, move the index back- 
ward on the part of the arch behind the O and bring the reflected 
and true images of their limbs into contact as before, and note what 
his diameter meaſures ; half the difference between the two diame- 
ters is the index error, which mult be ſubtracted when the diameter 
meaſures more on the arch than on the extra arch, otherwiſe it mult 
be added. - | 
duppoſe, for example, the ſun's diameter meaſures when the 
index is advanced on the arch 34, and at the ſame time when the 
index is put back on the extra arch 30), the difference is 4, then 2 
s the index error, which muſt be ſubtracted from all an, or 
| angular 
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angular diſtance taken, becauſe the ſun's diameter meaſured mote 
on the arch before O than »ehin* it. 

After the index error is found, yer before the inſtrument is fit to 
fake the angular diſtance between auy objects, there is another ag. 
juſtment requiſite, which is, to ſet the axis ot the teleſcope parallel 
to the plane of the inſtrument. | 

The method of doing tnis is, making obſervations of angles 23 
much above go” as poſſi le, uſing the inverted releſcope ; in doing 
of which the wires in the focus of the eye-glaſs nuſt be firſt placed 
parallel to the plane of the ſextant, after which vring the ſun and 
moon into very nice contact, on the centre of te wir? neareſt the 
ſextant, taking care that the index is not the leaſt moved, then direct 
the teleſcope in an inſtant ſo that tie images may Hear in the centre 
of the outer wire wiich is fartheſt from the ſex: ar, and if the con. 
tact appear the ſame at this wire, the axis of the teleſcope is parallel 
to the plane of the ſextant ; on the contrary, if the limbs of the ob- 
jets appear to ſeparate at the wire which is fartheſt from the (extant, 
it is plain the object end of the teleſcope is too far from the plane of 
the ſextant, and muſt be corrected by turning one of the two ſcrews 
of the ring into which the teleſcope is ſcrewed and fixed, having 
previouſly unturned the other ſcrew. 

If the limbs of the images over-top ach other at the aforeſaid 
Wire, it ſhews that te obj<ci-end ot the teleſcope is too near the 
pom of the inſtru ent, and conſequently muit be bronght parallel, 

y means of the ſcrews, and this method muſt be purſued until the 
diſtance of objects are found perfectly the ſame at each wire, which 
ſands equi-diltant from the centre of the teleſcope and parallel to 
each other, in which caſe the axis of the teleſcope will be exactly 
parallel to the plane of the ſextant, and then you may proceed to mea- 
ſure the angles for the obſervations, obſerving to bring the linibs of 
the objects in exact contact, in the centre between the two wires 
before- mentioned. 


To take the Obſervations requiſite for determining the Longitude, 


Firſt, find the apparent time at the place of obſervation, by taking 
one or more altitudes of the ſun, and noting the times by a good 
watch, from each obſerved altitude, or, from the mean of ſeveral 
altitudes compute the time; the difference between this time and 
that by the watch, will ſhew how much the watch is too faſt or too 
now, for in all caſes the mean of ſeveral obſervations is moſt to be 
depended on, and the beſt time for making theſe obſervations of the 
ſun's altitude is, when it changes quickeſt, or when he bears nearly 
eaſt or welt, 

In obſerving the diſtance between the objects, three obſervers 
mult be in readineſs with their ſextants or quadrants, well adjuſted, 
as before directed; and the watch either ſuſpended near one of the 

obſervers, 
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obſervers, or put into the hands of a fourth perſon appointed to note 
the times. | he obſerver who takes the angular diſtance giving 

revious notice to the others to be ready with the altitudes by the 
time he has finiſhed his obſervation, which being done, the time, 
altitudes, and diſtance ſhould be carefully noted; and other ſets of 
obſervations taken, which muſt be done within the ſpace of is 
minutes, and then take the means, which will be preterable to an 
ſingle obſervation. In taking the altitude of the moon, the lim 
that is the beſt defiied, whether it be the upper or lower, muſt be 
brought to the horizon; if there are not a ſufficient number of 
obſervers, then take the altitudes, the deficiency may be ſupplied by 
computing the altitudes after the diſtance is taken; the method of 
doing it will be ſhewn hereafter. 


To meaſure the Diſtance between the Sun and Moon. 


Turn down one of the ſcrews, and hold the quadrant or ſextant, 
{© that its plane ſhall paſs through the ſun and moon; look at the 
moon through the tranſparent part of the horizon glaſs; and keep» 
ing her there, move the index gently until tie ſun's image is 
brought into the ſilvered part of the horizon glaſs; bring the neareſt 
limbs of both objects into contact; move the arch of the inſtru- 
ment gently up and down, and the ſun will appear to riſe and fall by 
the ſide of the moon. Move the index until their limbs exactly 
touch each other; when this is don the obſervation is made, and 
the index will ſhew the angular diſtance, which is beſt read off by a 


magnifying glaſs. 


To take the Diſtance between the Mon and a Star, 


Direct the plane of the inſtrument through both objects, look at 
the ſtar through the bright part of the horizon glaſs; keep it there, 
and bring the moon's image into the ſilvered part of the ſame glaſs; 
move the index gently, until the enlightened limb of the moon juſt 
touches the centre of the ſtar, keep the ſtar in ſight, and move the 
arch of the inſtrument gently up and down, and the moon will ap- 
pear to paſs over the ſtar, and then the obſervation is completed. 

The round or well-defined limb of the moon, whether it be the 
neareſt or fartheſt from the ſtar, muſt ve brought into contact with 
it. When the object to be ſeen by reflection is to the right hand 
of that ſeen directly, the inſtrument is held with its face upward ; 
but when the object to be ſeen by reflection is to the left hand 
that ſeen directly, the inſtrument is held with its face downward. 

A readineſs in the uſe of the quadrant and ſextant is beſt gained 
by practice, which the learner may render familiar to himſelf by 

obſerving 
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obſerving the angular diſtance of objects on land, or by candle, 
placed in various politions in a room. 

Remark 1ſt. The ab ing the angular diſtance may be rendered 
mote eaſy and accurate, by bringing the objects nearly into conta4 
in the common way, and then fixing the index tight to a certain 
degree and minute, and then waiting unt! the objects are near 
in contact; giving notice to the aſſiſtants to get ready with the al. 
titudes, and when the obje-ts are exactly in contact to call for the 
altitudes, and exact time by the watch. The obſerver may then 
prepare for taking another d (tance, by ſetting his index three ox 
four minutes forwards or back wald according as the objects are ap- 
proaching to, or receding from each other, and then proceed to take 
the diſtance, the altitudes and time by the watch as before. Thus 
may as many diſtances and altitudes be taken as the obſervers 
think proper, and then take the means to determine his longitude 


This mode of taking the diſtance will not only eaſe. the eye of 
the obſerver, but alſo enable him to manage his inſtrument with 
greater facility in every direction. If the ovſervation be made, as it 
ought to be, at the diſtance of two hours befors or after noon, 
the true time ma be found by the altitude of the ſun, taken at 
the preciſe time of taking the diſtance; thus will any irregu arity in 
the going of the watch be prevented from affecting the reſult of the 
obſervatigns. i 
If a night obſervation is to be taken, the watch ſhould be regu- 
lated by the altitude of the ſun the evening before, and its going 
compared with another taken the next morning; for the time Pound 
by the altitude of a ſtar cannot ſo well be depended on, as the at- 
moſphere in the night is precarious, though it may be ſufficiently 
correct for finding the reſaction uſed in determining the angular 
diſtance, | ; 

Remark 2d. The obſerver muſt take the moon's diſtance from 
thoſe ſtars only, whoſe diſtance from her are ſet down in the Nauti- 
cal Almanac, and the diſtances there ſet down afford him a ready 
means of knowing the ſtar from which her diftance ought to be ob- 
ſerved : by ſetting his index to the diſtance computed roughly at the 
apparent time, eftimated nearly for the meridian of Greenwich, and 
then look to the eat or weſt of the moon, according as the diſtance 
of the ſtar is ſet down in the 8th, gth, 1oth, or 11th pages of the 
menth in the Nautical Aimanac, and having found the moon on the 
horizon-glaſs he will, by ſweeping with the quadrant or ſextant, to 
the right, or left, find the itar he wants, if above the horizon, and the 
air be clear, in a line, perpendicular to that joining the moon's horns 
or her ſhortelt axis produced. 

The time at Greenwich is eſtimated roughly by turning the 


ſhip's ſuppoſed longitude from Greenwich into time, and adding 
it 
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it to, or ſubtracting it from the apparent time at the ſhip, according 
as the longitude is eaſt or weſt, will give the apparent time nearly 
at Greenwich. 

Take the diſtance of the objects out of the Nautical Almanac, 
both before and after this time; 

Then ſay, as 3 hours, or 180 minutes: is to the difference of 
diſtance in 3 hours : : ſo is the difference between this nearly eſti- 
mated time, and the next preceding time ſet down in the Nautical 
Almanack : to a number of minutes ; which being added to the next 
preceding diſtance, if it is increaſing, or ſubtracting it if it is de- 
creaſing, will give the diſtance nearly at the time the obſervation is 
intended to be made, and to which the index of the (extant or qua- 
drant muſt be ſet, 

Care muſt be taken not to confound the days in the Nautical Al- 
manack with the civil days, as the civil day begins 12 hours before 
it, nor with the ſea day, which begins 24 hours before it. 


To reduce the obſerved Diſtance of the Moon from the Sun, ar a Star, 
| to the true Diſtance. 


The neceſſary preparations : 

URN the longitude into time, and add it to the apparent time 

at the ſhip, if it be weſt, but ſubtract it if it be eaſt ; the ſum, 
or difference, will be the ſuppoſed time at Greenwich, which call 
reduced time. 

In page 7th of the month in the Nautical Almanac, find the neareſt 
noon or midnight, both before and after the reduced time. 

Take out the moon's ſemidiameters and horizontal patallaxes cor- 
reſponding with this noon and midnight, and find their differences. 

Then Eu. as 12 hours: is to the difference of the moon's hori- 
zontal parallax in 12 hours : : ſo is the reduced time to a fourth 
number, which being added to the moon's horizontal parallax for 
noon or midnight, if it is increaſing, but if decreafing, ſubtracted 
from it ; this ſum, or difference, will be the moon's horizontal pa- 
rallax at the reduced time. 

And, as 12 hours : is to the difference of the moon's ſemidiameter 
in 12 hours :: ſo is the reduced time to a number of ſeconds, which 
being added to, or ſubtracted from the moon's ſemidiameter the noon 
or midnight before the reduced time, will give the moon's ſemidia- 
meter at the reduced time. 

To which add the augmentation of her ſemidiameter according 
to her altitude, and the ſum will be the moon's true apparent ſemi- 
diameter, , When the reduced time is any even part of 12 hours, 
as, 2, 5, J, or 3, &c. ſuch parts of the difference of the n 
and horizontal parallax may be taken and added to, or ſubtracted as 

H above, 
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above, without being at the trouble of working by the Rule gf 
Three. | 

To the obſerved altitude of the ſun's lower limb, add the die. 
rence between his ſemidiameter and the dip of the horizon, the ſum 
will be his apparent altitude. 

From the ſun's refraction, take his parallax in altitude, the re. 
mainder will be the correction of the ſun's altitude. 

From the ſtar's obſerved altitude take the dip of the horizon, and 
the remainder will be its apparent altitude. 

The refraction is the correction of the /tar's altitude. 

Take the difference between the moon's ſemidiameter and the dip, 
and add it to the obſeryed altitude, if her lower limb was taken, er 
ſubtract their ſum, if her upper limb was taken, the ſum, or differ. 
ence will be the moon's apparent altitude, 

From the proportional logarithm of the moon's horizontal paral. 
lax found in the Nautical Almanack, (increaſing its index by 10) 
take the logarithm co- ſine of the moon's apparent altitude, the re. 
mainder will be the proportional logarithm of her parallax in alti. 
tude, From which, take her refraction, and the remainder 1// bz 
the correction of the moon's alittude. 

To the obſerved diſtance of the moon from a ſtar, add the moon's 
ſemidiameter, if her neareſt limb was taken, but ſubtract it if her 
fartheſt limb was taken, the ſum, or difference, will be the appa- 
rent diſtance. But, 

To the obſerved diſtance of the ſun and the moon's neareſt limbs 
add both their ſemidiameters, and the ſum will be the apparent dif. 
tance of their centres, 


n N _—_ 


NorE, There are 12 pages in each month in the Nautical Al. 
manack, x 


The ſun's declination is found in page IT. 
The ſun's ſemidiameter in III. 
The moon's ſemidiam. and horizontal parallax VII. 


The diſtance of the moon from the ſun, &c. VIII. IX. X. XI. 


The Tables in this Book. 


Table. 
The proportional logarithms IX. 


The effect of parallax on the moon's diſtance X. 
To turn time into degrees, and the contrary XI. 


Refraction of the heavenly bodies XII. 
Dip of the horizon XIII. 
The ſun's parallax in altitude XIV. 


The augmentation of the moon's ſemidiameter XV. 
To correct the ſun's decl, under any meridian XVIII. 


Having 
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Having the apparent Altitude of the Oljects, and their apparent Diſtance, 
to find their true Diſtance, | 


1ſt. Add together 

1475 proportional logarithm of the correction of the ſun or ſtar's 

altitude, 

The log. cine of the ſun or ſtar's apparent altitude, 

The log. ſine of the apparent diſtance, 

The log. co- ſecant of the moon's apparent altitude, 

Their lum (rejecting 30 in the index) will be the proportional lo- 
garithm of the firſt arch: | 

2dly. Add together 

The proportional log. of the correction of the ſun or ſtar's altitude, 

The log. co-tangent of the ſun or flar's apparent altitude, 

The log. tangent of the apparent diſtance, 

Their bm (rejecting 20 in the index) will be the proportional lo- 
garithm of the ſecond arch: 

Take the difference between the firſt and ſecond arches, and add it 
to the apparent diſt. if leſs than 90, and the firſt arch be greater 
than the ſecond, but if it be leſs, ſubtract it; 

But if the diſt. be more than 90, the ſum of the arches added to the 
apparent diſt. will give the diſt, corrected for the refraction of ſun 
or ſtar. 

3dly. Add together 

The proportional logarithm of the correction of the moon's altitude, 

The log. co- ſine of the moon's apparent altitude, 

The log. ſine of the diſtance corrected for the ſun or ſtar's refraction, 

The log. co- ſecant of the ſun or ſtar's apparent altitude; 

Their tum (rejecting 30 in the index) will be the proportional lo- 
garithm of the third arch. 

4thly. Add together 

The proportional log. of the correction of the moon's appa. altitude, 

The log. tangent of the diſt. corrected for the ſun or ſtar's refraction, 

Their tum (rejeCting 20 in the index) will be the proportional lo- 
garithm of the fourth arch. | 

Take the difference between the third and fourth arches, and ſub- 
tract it from the diſtance corrected for the ſun or ſtar's refraction, 
if leſs than 9o, and the third arch be greater than the fourth; 
or, add it to the diſtance corrected, if the fourth arch be greater 
than the third; but, if the diſtance be more than 9go?, the ſum of 
both arches muſt be ſubtracted from it; and the ſum or difference 
will be the diſtance corrected for the ſun or ſtar's refraction, and 
the principal effe& of the moon's parallax. 

In Table X. look for this laſt corrected diſtance in the top co- 
lumn, and the correction of the moon's altitude in the left-hand fide 
column; take out the number of ſeconds that ſtand under. the for- 
mer and oppoſite to the latter. 

H h 2 Look 
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Look again in the ſame table for the corrected diſtance in the tog 
column, and the principal effect of the moon's parallax in the left. 
hand fide column, and take out the number of ſeconds that ftand 
under the former and oppoſite the latter. The difference between 
theſe two numbers muſt be added to the corrected diſtance if leſs than 
999, but ſubtracted from it if more than 90; 

The ſum, or difference, will be the true diſtance. 

No rx. This laſt correction may be omitted without affecting the diſtance much. 


Having the true Diſtance and Time, to determine the Longitude, 


N the Nautical Almanack, among the diitances of the objects, 
look for the computed diſtance between the moon and the other 
object obſerved on the given day ; if it is found there, the time at 
Greenwich will be at the top of the column, but if it falls between 
two diſtances, at it generally will, take the difference between the 
diſtances that ſtand immediately before and after the computed dif. 
tance, and alſo the difference between the diſtance ſtanding before 
it and the computed diſtance, 

Then take the proportional logarithm of the firſt difference, 
which is the difference in three hours, and the proportional loga- 
rithm of the ſecond difference, which is the difference between the 
computed diſtance and the diſtance before it. 

The difference between theſe two logarithms will be the propor- 
tional logarithm of a number of hours, minutes, and ſeconds, which 
being added to the time ſtanding over the firſt diſtance in the Nau- 
tical Almanack, will give the true time at Greenwich. 

The difference between Green. time and that at the ſhip turned 
into longitude, will be the longitude in, at the time the obſervations 
were made, which will be caſt if the time at the ſhip be greater than 
that at Greenwich, but if it be leſs, the longitude will be weſt. 

Or the proportional part of time may be found by ſaying ; 

As the firſt difference: is to 3 hours : : ſo is the ſecond difference 
: to a proportional part of time, which being added as above directed 
will give the true time at Greenwich, 

The foregoing rules will be rendered eaſy by the following ex- 
amples, which are onlv here ſuppoſed, but will anſwer the purpoſe 
of inſtructing the learner as well as if the altitudes and diſtances had 
been actually taken. 

Nor- In working the following examples, it will ſave ſome time, if all the logarith- 
mic fines, tangents, ſecants, and proportional logarithms, which fall at the ſame opening ot 
the book, be taken out at the ſame time, both in the firſt and ſecond parts of the operation. 

Thus, the co-ſine and co-tangent of the ſtar's apparent altitude, and co-ſecant of its 
latitude, may all be taken out at the ſame time, and written down in different parts of the 
paper (or in a formula) and ſo may the co-ſine, co-tangent, and co-ſecant of the moon's 


apparent altitude, the fine and tangent of the apparent diſtance, and the fine and tangent 
of the diſtance corrected, for the refration of the ſun or far. 


In order to ſhorten the following work, © ſignifies the ſun; ) the moon; & a 
far; P. L. proportional legarithm ; L. L. lower limb ; Up. L. upper limb ; Hor.P. 
horizontal parallax; N. A. Nautical Almanack, 


EXAMPLE 


oa Us. an 5% 


” a RQX es <þ & 
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ESXXAMEELS 1 
gyppoſe on Jan. 30, 1796, in long. 11" E. by account, at 10 h. 15 P. M. per watch, 
the diſtance of the moon's fartheſt limb from the ſtar Regulus was 63 50 20, when the 
alt, of the moon's lower limb was 24 18 40, and the ſtar's 45? 13 4, the eye being 
18 feet above the ſurface of the ſea: required the true longitude ? 


n. Me s. 

Time per watch 10 15 O0 's ſemid. at noon 15 3“ Hor, par. 55˙ 14” 
Long. 11“ in T. © 44 oo Ditto at midnight 14 59 Hor. par. 54 59 
Reduced time 9 31' oo Diff. in 12 hours 4 Diff in 12 hours 15 

alt. 24 18 40 as 12: 4 : 9: 3 and a8 12: 15“: : 9: 12“ the P. parts 


Lm. 157 10 mx 4 s ſem. at N. 15 3 Hor, par. at noon 55 14 
Dip 4 3 


 — 


Ditto at red. t. 15 © Ditto at red. time 55 2 P. L. 10, 5140 


App. At. 24 29 44 Augmentation 7 's ap. al. 24 2944 l. coſ. 9,9590 
true ſemidiameter 15 7 ) par. in alt. 500 57 055556 
X's obſ. alt. 45 13 15 J's refraction 2 5 
Di a 4 3 
? Cor: of 's alt. 48 0 
X's app. altitude 45 9 12 Obſerved diſtance 63* jo 20% 
** retraQtion 57” is its correction. Y's ſemidiameter o 15 7 
App. diſt. of) and & 63 35 13 
To find the Diſtance, 
Cor, of & s alt. ; 57 Pr. log 2,2775 P.L 2,2775 
X's app. alt. 45? 9 © Log. co-f. 9,8483 Co- tan. 9,9977 
App. diſt. 63 35 O Log. ſi ne 979521 Tang. 10, 3038 


Y's2pp. alt. 24 30 O L. co-ſec. 10, 3822 


Reject 20, 2d Cor, 29” P. L. - 2,5790 


Reject 30 iſt Cor. . 24601 1ſt Cor. 37 
Diff iſt and ad Cor. 3 
App. dift, 63 35 13 
Diſtance corrected for s refraction 63 35 21 
Cor. of I's alt. 48 o Pr. log. o, 5740 P. Ls o, 8740 
)'s alt. 24 30 © Log. coſ. 9,9 590 Log. Co-tang, 10,3413 
Carreted diſt, 63 35 © Log. fine 9,9521 Logs tang. 10, 3038 
X's alt. 45 9 o Co ſec. 10,1493 —— — 
— — Reje& 20 4th cor. 10 52” P. L. 1,2191 
Reject 30 zd cor. 41 46 P. L. = o, 6344 zd cor, 41 46 
Principal effect of Js parallax 30 54 
Corrected diſtance 63 35 21 
Cor. Tab. X. gives 9 — 
Second in ditto gives 4 Diff. cor. for princ. effect 
— of retr. and par, 63 & 27 
5 Difference to be added 5 
True diſtance 63 4 33 
By the Ephemeris, 2 diſt. at gh. 629 49' 15” Diſt. at gh. 62 49 15 
Jan. 30, 1796, Ditto at 12 G64 19 56 — — 
— 2d diff. o 15 17 P. L. 1,0710 
1 30 41 iſt diff. I 30 41 P. L. , 2977 


; N. M. 8. 
Time ſtanding over 1ſt diſt 9 o ©&* Diff, of T. bet. Sh. and Gr. 30 20 P. L. 0,7933 
Diff, of time 30 20 
30 20 
Time at ſhip 4 15 © 


Now 44 40“ turned into long. gives 11? 100 09”, 
and it is E. becauſe the time at ſhip is more 
than at Greenwich, 


Diff, of T. betw, Sh. and Gr. 44 40 
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EXAMPLE II. 
Suppoſe that on the 31ſt of May, 1796, a ſhip at ſea in long. 23* eaft of Creeny;,y, 


by account, at 5 hours 36 minutes in the afternoon by a watch well regulated, the diſtance 
of the ſun and moon's neareſt limbs ſhould be obſerved to be 63? 10 M. 24 S. at the (a; 
time the altitude of the ſun's lower limb was 319 48 M. J, and that of the moon”; lower 
limb 232 48 M. J, the eye being 18 feet above the ſurface of the ſea, and the thip's true 
longitude be required ? 


Time per watch 5 36 Y 's ſemi-diam. at noon 15 49 Hor. paral. 58 y 
Ling. 39 E. in T. 1 32 Ditto at midnight 15 56 Ditto 58 29 
Re uc time 4 4 Diff. in 12 hours 7 Diff. 7 


28 
C *'s obſ. alt. 3148015 Now as 12h, :7"::4h.: 2 and as 12h.: 280 :: 4h. 2 
Semidi. 15 49” 


Dip 4 3 Diff. 11 46 Semidiam. at noon 15 49 Hor. par. 58 x 
C's app. alt. 32 © x Semi. at red. time 15 51 Hor, par. at red T. 5$ 1, 
Ref. 1 31 par. 8= Augmentation 7 Obi. diſt, 68 10.27 
Cor. 5*s alt. 1 23” — 
's ſemidiam. 15 58 
's ditto 15 49 Sum 31 
's hor. par. 58 10 P. L. 10, 4905 ee 
's app. alt. 24 © L. coſ 9,9607 Ap. diſt. of Q's and ) 's centres 68 42 1 
's par. in alt. 53 8 P. L. 299 P 's obſ. alt. 234831 
22 = 7 | N Semidi, 15 58 - ip 4 2" diff. 11 x 
Cor. ) alt. 81 1 I's app. alt. 24 c0 10 
Cor. of n alt. o 1 23 P. L. 2,1143 © 1 23 P. L. 2,1143 
O's app · alt. 32 © © L. co-ſi. 9,9284 32 © © C. tan. 10, 2042 
App. diſt, 68 42 © IL. fine 9,9692 68 42 © Tan. 10,4090 
Ds app. alt. 24 © © L.co-fec.10,3907 Reje 20 P. L. zd. ang, 20” 24727; 
Firſt angle 43 
Re ject 30 iſt ang. 43 Pro, log. 2,4026 é — 
Difference 23 
App. diſt. 682 42 117 
Diſt, corrected for principal effect of O's ref. 68 42 34 
Cor. of Y's alt. 51“ 1“ P. L. 055475 or x P. L. 0,5475 
Des app. alt. 245 © O L. co-ſec. 9,960 24 © © C. tang. 1043514 
Diſt. cor. 68 42 34 L. fine 9,9692 68 42 34 Tan. 10, 4092 
G's app. alt. 32 © O L. co-ſec. 10, 2758 — — 
— Reject 20 P. L. 4th an. % 51” 1,3037 
Reject 30 P. L. of 3d. an. 31 46 7532 3d. an. 31 46 
Cor. from tab. X. gives 8⁰ — — 
r. from ditto gives I Principal effect of para. 22 55 
— Diſt. cor, for princ. eff. of ref. and pa. 68 42 34 
Diff. of corrections 7 —— 
2d, cor. for diſt, 68 19 39 
Correction 7 
By the Ephemeris for May 31, 1796. True diſt, 68 19 46 
Firſt diſt. at 3 h. 68957 44” Ditto at 3 hour 68 57 44 
Second diſt, at 6 h, 67 23 15 
—— —_ — 
Diff. in 3 hours 1 3429 P. L. o, 2799 37 58 
Computed diff. 37 58 P. L. o, 6759 
N. M. 8. — — 
Prop. log. of 282 3960 
1. over 1ſt. diſt, 3 H. M. 8. 


— — 123 41 the diff. of time between the ſhip and Green - 
T. at Greenwich 4 12 19 wich, being brought into long. by allowing 15 degrees, 
T. at hip 5 36 O &a. for every hour, briefly by tab. XI. gives 20 55 15" 
— — the long, in; and it is eaſt, becauſe the time at the ſhip 

1 23 41 is more than that at Greenwich. 


1 


1 ww HqNiX0 I we 


2 2 n 
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EXAMPLE III. 


zuppoſe that on the 20th of Nov. 1796, a ſhip at ſea, in long. 9* W. of Greenwich, by 
chunt, at 6 H. 10 M. P. M. per watch well regulated, the diſtance of the and } 's 
veareſt limbs ſhould be obſerved 102 57 +, when the alc, of the O's lower limb was 187 
47 1, and that of the 3's lower limb 70? 32, the eye being 20 feet above the ſea, and 
the longitude be required? 


H. M. M. 8. 
Time per watch 6 10 's ſem, n. 16 11 Hor, par. n. 59 25 
Lange 9 W. 36 Ditto at m, 16 6 Ditto at m. 59 5 


— — — = 


Red. time 6 46 s P. part 3 20 P. part 11 
16 11 

— For. par. 59 25 
\ 16 8 & — 

Y's ohſ. alt, 70” 32 O Ang 1; Hor. p. red, time 59 14 

dem. 1623 — Dip 4'16"=0 12 7 — 

— — Sem. red. time 16 23 1 

's app. alt. 70 3's ſem. 16 15 Sum o 32 3 
9 N Obſ. diſt, 102 57 30 
M. 8. —— —ͤ— 
. hor, par. 59 14 P. log. 10, 4827 App. diſt. of cent. _193 30 8 
's app. alt, 70 44 © Co-fine 9,5184 S's obſ. alt. 18 47 30 

8 543 , 16'25'=— dpgn0'= 28 

Y par; ln alt. 29 33 P, log 9643 Sem. 16 15 — dip 4 E. 
Ret. 19 Ref, 2 44” O's app. alt. 18 59 29 
Cor. Y's alt. 19 14 my Par. 8 = 2 36 cor. O's alt.. 
Cor. of Q's alt. 09 2 36 P. log. 1,8403 P. log. 1,8403 
O's alt, 18 59 o Co-ſine 979757 Co- tung. 10,4634 
App. diſt. 103 30 © 8. 9759878 Tang. 10,6196 
} valt, 70 44 © Co-ſfec. 10,0210 — 


| 3 Reject 20 P. logs ad. ang. 13“ 2,9238 
Reject 30 Pro. log, 1ſt. an, 2 40” 1,8288 Pro, log. 1ſt. ang. * 
Sum 2 53 
App. diſt. 103 40 8 
Diſt. cor. for O's ref. 103 33 1 
; P. L. 


Cor. Y's alt. 19 14” P. L. , 9712 0,9712 
)'s app. alt. 70%44 Co-ſine 9,5184 Co: t. 975435 
Diſt. cor. 103 33 Sine 9,9877 Tang. 10,6179 
C'salt. 18 £9 Co-ſe. 10,4877 —— 


: Reject 20 P. L. 4th. an 13' 16” 1,1326 
Reject 30 P. log, 3d. ang. 19 30” o, 9650 Pro. L. 3d. ang. 19 30 


Prin. elf. of para. 32 46 
Diſt; corrected 103 33 1 
Dif. cor. for the prin. eff. of para. and ref. | 103 © 15 
iit Cor. Table X. 0 2 
20 Cor. ditto 2 Diff. — — 
Diſt, at 6 hours 103 24 28 | True diſt, 103 © 13 
Dit. at 9 hours 101 46 52 Diſt. at 6 h. 103 24 28 
2d Dif, 24 15 P. L. 8706 
1k Dif, 1 37 36 P. L. 2658 
Diff. of time between ſhip and Greenwich 44 43 — 
Time ſtanding over 1 diſt, 6 Oo © P.L,=6048 
True time at Greenwich 6 44 43 
Time at ſhip 6 10 © 


Diff. of time between ſhip and Greenwich 34 43=83* 40 45” the longitude ing 
it is weſt, becauſe the time at ſhip is leſs than at Greenwich. 
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Suppoſe a ſhip at ſea, in long. 45 
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EXAMPLE „ 


30 W. by acc. on June 13, 1796, at 3H. 17 29" 


ö 
P. M. the following obſervations were taken, when the eye was 21 fect aboye the (., : 
and the corrections of ſeveral qyanrants as underneath, | 
"RD Ne M. 9 ] 
Alt. of Js Dit. of + 1 & Time at thi: 1 a 
| Alt. O's L. . Up. limb. J. N. Long. 45? mo W, : : o x 
D. M. $.14D. M. $. D. M. 8. Red. T. > 19 _ 
$5 36 © 3Y 3 © _ 16 45 3 's Sem. at N. 1 18“ Hor. par. 56 3 
45 45 19 52 1e 17 45 Ditto inidn. 15 13 Hor. par. 5 3 
45 18 45 20 5 106 18 30 OW. i 
45 4 / 20 17 30 | 106 18 45| nif. in 12 hours 5 Dift. in 12 hour 1 
44 48 300 20 34 106 19 15 L's Sem. 15 13” 
i e N 5 Prop. part. 3 
5) 226 50 15/100 20 30 | 531 31 © 5 
[Mean 45 22 3 20 4 6 106 18 12 Augmentation 15 4 
Er. quad. — 48 — 1 0 — 2 37 1 
_ my Des Sem, 15 21 
45 21 15] 20 3 6| 2106 15 35] J», of, 8 
Dip, — 4 22 4 22 * 5 59-44 
. e e eee s ap. alt 1 2 
45 16 53 10 58 44 106 . 35 A2 par. N. 56 9 *9 43 3 
Obſerved diſt. of © and) 1069 15 35 Prop. part. 11 
Sum ſemid. ©) and Y 31 8 


— — Ditto at red. time 55 58 Prop. log. 10,5077 


App. diſt. of their centres 106 46 43 Y's ap. alt. 19 43 23 Co-fine 99737 


Par, in alt. . . $33 
Ref, 2 37 — 

— — Ret, 9's alt, 66" 
Cor. ) 's alt. 50 4 Par. 7 
's alt, 45 16 53 Cor. ©'s alt, 49 


Ditto Sem. 15 47 


ͤ—mä— ww a. 


O's app. alt. 45 32 40 


Eor of O's alt. 49” P. L. 23432 P. L. $343 
O's Ap. alt. 45 32 40 Co- ſine 9,8454 5 Co-t. 97997 
Ap. diſt, 106 47 Sine 9,9810 = 20,5206 
I's Ap. alt. 19 43 Co- ſec. 10,4718 — 
Reject 20 P. L. 2d. ang. 15 2,855; 

Reject 30 P. L. of 1ſt ang. 25” 256414 if ang. 25 

; Ap. diſt, 106 46 43 

CorreRed diſt. 106 47 23 
Cor, of ) s alt. 8 . ©,5557 P. L. 048557 
I's alt. 1943 Co- ſine 959737 Co- t. 19,445 
Cor. diſt. 106 47 Sine 95980 'So 10, 5205 

I's ap. alt. 45 33 Co-ſec. 10, 1464 


Rej. 20 P. L. 4th. ang. 5 25 1,5216 


— 


Pr. log, of 3d ang. 39 40 reject 30 0,6 569 3d ang. 39 40 

Prin. eff. of par. 45 5 

Cor, dift. 106 47 23 

Diſt. corre cted for principal effect of ref, and par, 106 2 18 
Firft cor. from Table X, 6” 
Second cor, from ditto 4 

— Diff. 2 

106 2 16 


True dit, 


we 3 TN 


1 dit, at 6 h. 105*58' 3 
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oy True diſt. 1069 2' 26” 


2d ditto at 9 h. 307 24 54 Firſt diſt. 105 58 3 


Iſt Dif. 126 51 P. L. w”_ * — o, 3165 
p. L. dif. time a 8 44 | | R. A. 
T. ſtand over the 1ſt diſt, N — — 1,3138 
True time at Green, 6 8 44 
Time at ſhip 3 37 30 
Dif, time 2 51 24 = 42%51' the long. in, and it is weſt becauſe 


the time at ſhip is leſs than at Greenwich, 


EXAMPLE V. 


Suppoſe that on the 1:th of May, 1796, in long. 2* E. che eye 21 feet above the ſea, 
the following obſervations were made, and the true longitude be required ? 


Alt. Alt. þ's | Diit. 3 
Times. of Spica. L. L. far. L. 


=. 2 8] Þ. . „o. . 3-1 Bc. . © 
12 36 14] 19 50 30118 6 ©| 31 30 45 
12 39 5-20 2 oj18 21 © 31 31 30 
12 41 41] 20 15 018 39 300 31 34 © 
12 43 45] 20 29 o{18 55 of 31 33 © 
12 45 53] 20 40 9199 9 9 31 35 45 


——  _. :::: f —ñ˖ 


= No M. 5. 
Time per watch 12 41 19 
Long. 29 E. 8 


Sup. time at Green. 21 33 19 


2 Semi. 1525, and the ang. 
added, gives the true ſemi. 
15 31” and her H. P. i 6' 35%. 


— —— — — f D. M. 8. 
5063 26 38/101 16 30/93 10 301157 45 's obſ. alt. 18 45 36 
— rr eddie os Semi. 15 3 i” 
Mean 12 41 159] 20 15 18/18 38 6/31 33 of Dip. 4 Ba=dl. un 08 
Er. of quadrant. + 7 0] I 24 . 
— — 1 — 1 — As e. 13 56 45 
12 41 19] 20 15 18118 45 36} 36 33 24\ 
Ob. diſt. $3*33' 24 H. P. | | 389 8 10,5026 
* ſemi, 15 31 Ap. alt. 1856 45 L. co-fine 9,758 
Ap. diſt. of centres 31 17 53 P. in alt, $3 31 P.3. ©, 5268 
T obſ. alt, 20 15 18 Ref. 4 45 
3 3 YI 's at. 50 46 
App. alt. 20 10 56 
Cor. of s alt. 20 P. L. 1,84 59 P. L. 1,847 
*'s alt, 20 11 0 Co- ſine 979725 Co-tan. 10,474 
App. diſt. 31 18 Sine 977156 Tan. 957839 
J's alt, 18 57 Co-ſec. 10,4885 _ — 
—— — P.L. ad ang. 1 33” 2, 0644 


Prop. log. of iſt ang. 2 43” 


Cor, of J's alt. 5o” 


V's «'t. 180 57 
Cor. diſt. 31 18 
* alt. 20 11 


Reject 30 P. L. 3d ang. 35 39” 


Diſt. cor. ſor ptin. eff. * 
1 


460 P. I 0,5497 


Co- ſi. 979758 
Sine 9,7156 
Co- ſec. 10, 462 1 


2225 Iſt ang. 1 43 


— 


Dif. 10 
Ap. diſt. 31 17 53 


Diſt. 31 18 2 C. for Re. 
P. L. 755497 
Co- tan. 10,4642 


Tan. 977839 


— — 4th ang. P. L. 28 40 6,7978 


057032 3d ang. 35 39 


Prin. eff, of par. 6 59 
* 31 18 3 


—— — — 


3111 4 
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Cor, from Table X. 37 31 11 
Cor. trom ditto n 38 
Diſt at 12 hours 31 33 380 Comp. diſt. 31 11 40 


Diſt. at 15 hours 30 © 21 


Di. at 12 1 33 38 


1& diff. . . 2855 2 Diff. 21 53 
2d diff. . 9132 
— w. M. 8. 

P. L. 6280=0 42 24 
Time f anding over 1ft diſtance 12 
True time at Creen. — — — 12 42 24 
Time at ſhip — _ =_ — 12 41 19 
Dif. of time between ſhip and Greenwich > 4: = 26' 20 the long. in, 


and it is weſt, the time at the ſhip being leſs than at Greenwich, 


Suppoſe the diſt. of the © 


EXAMPLE VT. N 
and } 's neareft limbs, with the reſpeQive altitudes of thei; 


lower limbs, were obſerved as under, on the 13th of April, 1796, the eye being ig fre: 


above the ſea; in lat. 3417 


N. and long. by account 8 30 W. of Greenwich, the wach 


not previouſly regulated, and the ſhip's true longitude be required? 
As the '-) muſt be then at a ſufficient diſtance from the meridian, the mean of the three 
altitudes may be ſuppoſed preferable to any ſingle alt. taken for findin sche time, 


* 


N ON 
Times. Dan, Att 


H. M. 8 „ 


——ͤ — ———— —a— — — — — — 


4 47 477 11/22 51, 80 18 Sup. T. 5 24 57 Dip. 4 3 
4 50 11 77 13/22 12 80 36, — App. alt. 22 14 55 
4 55 26077 18021 6081 


T. at th. 2 — — s alt. 22 


4 
Alt. 
Lon. in T. 34 ſem. 15 58 os . A 


— — 


1 D. 


— — 


9 stef. 2* 19 — P. 8 2211“ cor of O's alt. 
5 s obſ. alt. 80 41 0 


su. 14 32 51 31 42/66 * 2 206100 ee. 4 3'= © 12 24 


| _— — J app. alt. 80 $3 24 
_ 4 110 3 0 47 } 's hor. par. o 59 22 P. L. 10,431, 
bf. diſt. of \-) and 77 14 © 3 s app. alt. 80 53 24 L. co-ſ. 9751996 
„Ie P. L. of Y's par. in alt. ' 248" 1,281 
* ditto 16 27 ö * 25 K Ref. 8 Rs 
App. dift. of centres 77 46 25 Cor. of Y's alt. 9 15 
Cor. 's alt o 2 11” . 19161 P. L. 19161 
O's alt. 22 15 0 Co-. 971664 Co- tan. 10, 3881 
App · diſt. 77 4 0 Si. 979900 Ts 10,6639 
Ds alt. 80 53 © Co- ſcc. 10, 005 5 — 
— — P. L. zd ang. 12“ 2,9681 
Reject 30 iſt ang. 2 23 P. Le 1,8780 2 23 
| Dir. 2 11 
App. diſt, 77 46 25 
Diſt. cor. for O's ref. | 77 48 36 
Cor. D's alt. o 9 15” P. L 1,2891 P. L. 1,2891 
D's alt. 80 53 0 Co fi. 9,199$ Co tan, 992054 
Cor. diſt. 77 48 36 Sine 949201 Tang. 10, 66 54 
O's alt. 22 15 © Co-ſcc. 10,4218 — — 
| . — — 4th ang. P. L. 12 277 = 1,1599 
3d ang. 22 37 P. L. = o, goos 22 37 
Dif. 10 10 
Cor. diſt. 17 48 36 
Diſt. cor. prin. for effect of par. and ref, = true dit, 77 38 26 the correction 


from Table X. will give nothing, 


ww Ja m7 
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To fiad the time. By the ſecond method thus: 

D. . 8. 
O's app. alt. 22 14 55 Dee. 9930 lat. 34 27 | Co. lat. 55 43 Co- ſee. 08388 
Cor. ® 0 2 11 90 90 Dec. 9 30 Sec. | coboo 
Truc alt, 22 12 44P.D. 80 30 C. I. 55 43 M. alt. 65 13 N. S. 90790 L. R. o8888 

90 T. alt. 22 13 N. S. 37811 
Z. D. 67 47 16 52979 Log. 472511 
Co lat. 55 43 © Co-. ſec. o, 8288 
pol. diſt, 80 30 o Co- ſec. o, 4600 | In col. tiſing = 4h 38 4” 481299 

Ys — By the Ephemeris. 
204 © 16 5 


Diſt, at 3 hours 76 27 23 
Sam 102 © 8 Sine 9,99040 | Diſt. at 6 hours 78 5 44 


— 


7. dit, 67 47 16 True diſt, 77 33 26 

im | $4 13 „ Size 9,74000|DIE. in 3 he 238 21 N 1. 363g 
Sum 19, 82908 Comp. at. 1 11 03 P. L. 4037 

ann 18 0105 Time over 1K diſt. 6 — bon 2 wn 


— —— M M. 8. — 


H. ang. 69 33 20 = 4 38 13 Tr, | Ti. at Greenwich 5 10 02 
Tune | Tr. time at ſhip 4 38 13 


| Long. in time 31 49=7* 57 15 W. 


In finding the time the declination is proportione d to the reduced time öh. 54. 


Here I have given one method of finding the longitude, illuſtrated . 


by a ufficient number of examples, all of which are reduced to the 
year 1796, in order that the reader, or teacher, may have ſufficient 
time to furniſh himſelf with a N. A. for this year, which is now 
printed. But as many would wiſh to have ſome other method of 
reducing the diſtance, that, by comparing them together, they may 
not only have the advantage of proving their calculations, but alſo af 
making choice of which they prefer to work by. 

The ſecond method I ſhall preſent the reader with, is chiefly de- 
duced from that invented by Mr. Witchell, late Maſter of the Royal 
Academy at Portſmouth, and as it is ſhort, requires but four places 
of figures in the logarithms, beſides the index; the preparations in 
both methods being exactly the ſame. 


To find the true Diſlance, obſerve this general Rule. 


Firſt, Add the © or * and Y's apparent altitudes together, and 
take half the ſum ; and ſubtract the leſs trom the greater, and take 
half the difterence ; then add together 

The co-tangent of half the ſum, 
The tangent of half the difference, and 
The comangent of half the apparent diſtance, | 
Their ſum, rejecting 20 in the index, will be the Jog. tangent of 


an angle, which call A. 
— Ii 2 Secondl yg 
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Secondly, When the © or *'s altitude is greater than the) 
take the difference between the angle A and half the apparent dil. 
tance, but it leſs take their ſun. Then add together 

Thi co-tangent of this ſum or difterence, 

The co tangent of © or #'s apparent altitude, and 

The proportional log. of the correction of the © or #'s ah. 
tude ; 

Their ſum, rejecting 20 in the index, will be the proportional lo- 
garithm of the firit correction. 

Thirdly. It the ſum of angle A and half the apparent diſtance 
was taken in the laft article, take now their difterence ; but if their 
difference, take now their ſum. Then add together 

The co-tangent of their ſum or difference, 

The co-tangent of I's apparent altitude, and 

I he proportional log. of the coriection of the I's apparent 
altitude ; 

Their ſum, rejecting 20 in the index, will be the proportional 
log. of the ſecond correction. 

Fourthly. When the angle A is leſs than half the apparent dif. 
tance, the firſt correction muſt be added to, and the ſecond ſubtracled 
from the apparent diſtance ; but when the angle A is gteateſt, 
their ſum muſt be added to tie apparent diſtance, when the © or & 
altitude is leſs than the I's; but when the 's altitude is leaſt, their 
ſum mult be ſubtracted to give the corrected diſtance. 

Fiithly. In Table X look for the corrected diſt. in the top column 
and the correction of Y's alt. in the left-hand fide column; take out 
the number of ſeconds that ſtand under the former and oppoſite to 
the latter. Look again in the ſame table for the corrected diſtance 
in top column, and the ſecond correCtion in the left-hand fide co- 
lumn ; take out the number of ſeconds that ſtand under the former 
and oppoſite the latter, the difference between theſe two numbers 
will be the third correction, which muſt be added to the corrected 
diſtance, it leſs than 90?, but ſubtracted from it, if more than 9o?; 
the ſum, or difference, will be the true diſtance. 

To illuſtrate this laſt method of reducing the apparent diſtance to 
the true diſtance, I ſhall take the apparent altitudes and diſtances as 
they tand in the three firſt ex.mples, worked by the former method, 

EXAMPLE I. See page 243. 
Given the apparent diſtance of the J's centre from the 6335 13”, the )] 's appa- 
rent altitude 24* 29 44", and that of the & Regulus 45* 9 12”, the Y's horizontal 


parallax 55" 2”. Required the true diſtance ? 
D. M. 8, 


s altitude 45 19 12 Y's hor. par, 55 2f P. L. 10,5146 
Ref, or cor. of s alt. 57 App. alt. 24? 30 Log. cof., 9,9599 
J's Par, in alt. 50˙ 5% P. I. 0,550 
ef. | 2 4 
Cor, of J's alt, 48 -- 


s appas alt, 45” 9 120% 


I's apps. alt, 24 29 44 


Sum 69 38 56 
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* 6958 56” Halfjs 34%49' 23” Co- tan. 10, 1777 
Difference 20 39 2 Half is 10' 19 44 Tang. 9,2601 
pp. diſt. 63 35 13 Halfis 31 47 36 Co-tan. 10,2078 
il Cor. add 9 Ang, A 22 54 © Tang. 956256 
63 35 22 Diff. 8 53 36 Co-tan 10,80:6 
2d, Cor. ſub. 30 54 Ks Alt, $5. 9 Co-tan 9.9977 
— — | X's Cor. 87 1. 242775 
corrected diſt, 63 4 28 — 
True diſtance 63 4 33 | Half app. diſt. 31 47 36 
Angle A 22 54 © 
Piffering 2 from that found — 
þy the former method. Sum 54 41 36 Co-tan, 958 501 
»'s Alt. 24 29 44 Co-tan, 10,3413 
Cor. Y's alt, 1 L ©, 739 
| 2d Cor. 30 54 P. L. 0,653 
Iſt Cor. tab. KX. 9 
2d Cor. ditto 4 
3d Cor, of diſtance 5 


EXAMPLE II. See page 244. 


Given the apparent altitude of the O's centre 32%, that of the Y's 24%, and the ap- 
nt diſtance of their centres 6842 11 and the 3's horizontal parallax 58 10. 
equired the true diſtance? 


Ref. of O's alt. x 31” Ps Hor. par. 58'10” P. L. 10,4906 
Par. in alt. : 8 's Alt. 24? 9-26 Co-fine 9,9607 
Cor. of ©'s alt. 123 Par. in alt, 53 8 P. IL. 0, 5299 
Ref. SD 7 : 
| Cor, I's alt. 51 1 
O's Alt. 32˙ 
Alt. 24 
Sum 56 Half is 28 Co-tan. 10, 2743 
Difference 8 Half is 4 Tang. 1,8446 
App. diſt. 68 42 11 Half is 34 28 5 Co-tan. 10, 1655 
iſt Cor. add 23 Ang. A. 10 54 Tang. 9752842 
Corrected diſt, 68 42 34 | Dif. 23 27 5 Cos tan. 10, 3627 
2d Cor. ſub. 22 55] O's Alt. 32 Co- tan. 10, 2042 
— ; P. L. 2751 143 
iſt Cor. tab. X. 8 68 19 39 Cor. O's alt. 1 23 — — 
2d Cor, ditto II Diff. 7 | 1it Cor. 23 P. I. 256812 
True diſt. 68 19 46 Half diſt: 34 21 
Ang. A. 10 4 
Differing 2" from that found by —— 
the former method, Sum 4: 15 Co-tan, 949962 
Y's alt. 24 o Co-tan, 10,3314 
Cor. 358 al. 51 1 P. L. 075475 
2d Correction 22 55 P. L. 0,89 51 


EXAMPLE 
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EXAMPLE II. Seepage 245. 


Given the O'sapparent altitude 2859 , the V's 70® 44”, the apparent diftance of 
centres 103* 30'$ , aud the 's horizontal parallax 59 15 Required the true — 


Refrac. of ©'s alt. 2 44” 8 Hor. par. 15 P. I. 10836 
Par. in alt. 8 's alt, 7044 Co. fine 9, 185 
Cor. of O's alt. 2 36 Par. in alt. . . E 
— Ref. 19 
O's Ap alt. x8? 59 30 — — 
Cor. Y'*s alt. 19 14 
Y's4itto * 70 44 © 
Sum 89 43 30 Huf is 44 $1 45 Co- tan. 10,0045 
Diff. 51 44 30 Hulfis 2, 215 Tang. 69,68 
App. diſt. 103 30 8 Halt is 51 45 4 Co- tan. 69,8967 
Angle A 21 1 Tang. 5, $44 
1ſt Cor. add 2 53 — BEN 


103 33 1 O's app · alt. 55 18 £9 JO Co-tan, 10 4033 
2d Cor, ſub. „ os 


— Cor. ©'s alt. 2 36 P. I. 1, S303 
Cor. diſt. 103 © 18 — — 
Iſt Cor. tab. X. © 1ſt Cor, 2 53 P. L. 17x 
2d Cor. ditto 2 diff. 2 
Angle A = 
True diſt, 100 © 16 I App. diſt, 51 45 4 
Differing 3“ from that found by Diff. 30 44 4 Co-tan, 10,228 
the firſt method. I's alt. 70 44 © Co-tan. 95435 
Cor. Þ's alt. 19 14 P. L. 049712 
2d Cor. 22 43 P. L. 7405 


I ſhall leave the working of the other examples by this method, to 
exerciſe the learner, and proceed to ſhew how to find the true alti- 
tudes of the ©, ), or a * by calculation, , 


To find the Sun's true Altitude. 


It ſometimes happens that the diſtance of the celeſtial objects may 
be taken, but for want of a good horizon, or aſſiſtants, their aitituces 
cannot be taken at the ſame time; to ſupply ſuch cehciencies, ovſcrye 


the three following caſes. 


- 


GAS E . 


The apparent time, the ſhip's latitude, longitude, and the ſun's 
declination given, to find the true altitude of his centre, 


rn 


If the ſhip's co. latitude and the O's declination be both north or 
both ſouth, take their ſum ; but if one be north and the other ſouth, 
their difference is the O's meridian altitude. 

With the apparent time from noon, enter table VI. and from the 
column of riſing take out the logarithm correſponding to it. 

To this logarithm, add the log. co-ſine of the latitude, and the 
log. co-ſine of the ©'s declination, 


Sum ang. A, and g dif. 72 46 4 Co-tan. 9,496 


SS YA TA UM on 


THE LONGITUDE AT SEA, 253 


Their ſum, rejecting 20 in the index, will be the logarithm of a 
natural number, which being ſubtracted from the natural fine of the 
0's meridian altitude, will leave the natural fine of his true altitude 
at the given time. 

£4 4M2-L 6 

Required the true altitude of the ©'s centre, in lat. 49˙ 57' N. 

July 255 1796, at 6 H. 50 M. 35S. in the morning. 
H 


. M. $, 

120 Oo 
App. time 6 56 30 
Time from noon 1 5 3 30 Its log. in col. of rifing 4.87850 
Latitude 49 57 © N. its log. co- ſine 9.808 52 
Decl. at that time 19 26 © N. its log. co-ſine 9.97452 
Co. lat. 40 3 Reject 20 N. N. 45871 log. = 4.66154 
Mer. alt. 59 29 Nat. ſine 86148 


Nat, fine true alt. 40277 = 23* 45, 


EXAMPLE It 


What will be the true altitude of the O's centre at London, No- 


vember 24, 1796, at 3H. 21M. 308. apparent time in the afternoon? 
He . s. 


e 
Decl. at chat time 20 49 8. Log. co- ſine 9.97068 
Co. lat. 38 28 N. Nat. nam. 21062 = log. 1370 
Mer. alt. 17 39 Nat. ſine 30320 


Nat, fine true alt. 5 19 Nat. fine 09258 


CASE II. 


The apparent Time, the Latitude and Longitude given, to find the Altt- 
tude of any of the known fixed Stars. 


U 
Turn the longitude into time, and add it to or ſubtract it from the 
time at the ſhip, according as it is eaſt or weſt, the ſum or difference 
will be the time at Greenwich. | , 
Take the ©'s Rt. Aſcen. from the N. A. and proportion it to the 
time at Greenwich, and add it to the apparent time at the ſhip, which 
will give the Rt. Aſcen. of the meridian, or mid-heaven. | 
Find the *'s Rt. Aſcen. and declination in Table XX. and take 
the difference between its Rt. Aſcen. and the Rt. Aſcen. of the me- 
tidian, which will be the diſtance of the * from the meridian. 
| Having 
4 0 


* — —— — 
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Having the **'s diſtance from the meridian, with its declipation 
and the ſhip's latitude, the true altitude is found in the ſame mann; 
as has been ſhewn in the laſt examples of finding the true altitude of 


the ſun. 
r. 


What will be the true altitude of Aldebaran at Edinburgh, April 


11, 1796, at 5 H. 56 M. 205. apparent time. 


H. M. 8. 1H. M. 3. 
Apparent time 5 56 20 O''s Rt. Aſcen. at Noon I 22 & 
Long. 3*6'W. in time 12 24 Pro. part for 6 hours 55 


' „ — — 
App. time at Green, 6 8 44 Rt. Aſcen. at Edinburgh I 23 22 
Rt. Aſcen. at Edin. 1 23 22 


Rt. Aſcen. merid. 7 32 6 


X's Rt. Aſcen. 1 24 0 

*'s diſt. from merid. $ 73. c2 Its log. in col, of rifing 4, 50184 
Edinburgh's lat. 559% 8' N. Log. co- ſine 9.747094 
's declination 16 5 N. Log. co- ſine 9,98266 
Co. lat. 34 2 N. Nat. num. 17078 log. 423240 


Meridian altitude 50 7 19 Nat, fine 76735 


True altitude ; 246 Nat. fine 5965 

NorTs . As the table is calculated only to 30“ the difference between the 
log. of 3 H. 7 M. 30 S. and 3 H. 8M. muſt be taken, which is 218: Then 
ſay, as 30: 218: : 22: 159, which being added to 4, 5002 5 the log. of 3 H, 
7 M. 30 S. gives 4,50184, the log. of 3 H. 7 M. 52 S. as above, 


CASE III. 


The apparent Time, the Latitude and Longitude of the Ship being given, 
; to find the true Altitude of the Moon's Centre. 


KK DU LE. 


Turn the longitude into time, and if it be weſt add it to, but if it 
be eaſt ſubtract it from the apparent time at the ſhip, and it will give 
the time at Greenwich. | . 

Take the O's Rt. Aſcen. out of N. A. and proportion it to Green- 
wich time, which being added to the time at the ſhip, the ſum will 
be the right Aſcenſion of the meridian or mid-heaven. 

Take out of the N. A. the J's Rt. Aſcen. and declination, and 
proportion them to the time at Greenwich. Turn the I's Rt. A(- 
cen. into time, and take the difference between it and the Rt. Aſcen. 
of the mid-heaven, which will be the diſtance in time of the) from 
the meridian. 

Having the ſhip's latitude, together with the I's declination and 
diftance from the meridian, the true altitude is found, in the ſame 


manner as has been ſhewn in finding the true altitude of the O and &. 
EXAMPLE. 


— 


H+ ,_ 


(T 


of 


© 1. —-4 © 
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ETA 


What will be the I's true altitude at 19 H. 16 M. 52 S. apparent 
time in latitude 1445 S. and longitude 167 E. on Auguſt 24, 1796? 


App. time at ſhip 19 16 52 
Long. 167* E. in time 3 HE 
time at Greenwich 8 8 52 
O's right aſcenſion 10 16 58 2's ditto 479 14 
App. time at ſhip 19 16 52 
29 33 30 
24 


Right aſcenſion of the merid. 5 33 30 
Moon's right aſcen. in time 3 8 56 


Moon's dift. from the merid, 2 24 54 Log. riſing 4.28623 
Latitude 14* 45/ Log. co- ſine 9.98545 
) decl. at ſhip 130 30 N. 1 Log. co-ſine 9.98783 
Co. latitude 75 15 8. Nat num. 18182 Log. 4,25951 
Meridian altitude 6 47 Nat. ſine 88089 | 

N. fine of Y's true alt. 44 = N. ſine 69907 


In the laſt example proportional parts are taken in finding the 
right aſcenſion, declination and log. riſing. 

By the three laſt caſes the true altitudes of the objects are found, 
therefore if the apparent altitudes be wanted, the — . between 
the O's parallax and refraction muſt be added to the ſun's true alti- 
tude, the refraction muſt be added to the true altitude of a ſtar, and 
the difference between the Y's refraction and parallax in altitude muſt 
be ſubtracted from the true altitude of the moon thus found, to ob- 
tain the reſpective apparent altitudes of their centres. 


To find the Longitude by the Eclitſes of Jupiter's Satellites. 

On the day preceding the evening on which it is propoſed to ob- 
ſerve an eclipſe, look for the time when it will happen at Greenwich, 
in page 3d of the month in the Ephemeris. Find the diff. of longi- 


tude either by a good map, ſea chart, or dead reckoningg. 


Let the watch be regulated by the © with all poſſible exactneſs to 
the apparent time. Turn the difference of longitude into time, and 
add it to, or ſubtract it from the apparent time, according as it is eaſt 
or weſt of Greenwich, the ſum or difference will be nearly the time 
when the eclipſe is to be looked for in that place. But as the longi- 
tude is uncertain, it will be proper to begin 20 or 30 minutes before. 

Obſerve the hours, minutes and ſeconds of the beginning of the 
eclipſe, called immerſion, that is the very inſtant that the ſatellite ap- 


pears to enter into the ſhadow of Jupiter; or the emerſion, that is, 
N - when 


E * 
* 4 
Yo 
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when it appears to come out of the ſame. The difference of time 
between the obſerved immerſion, or emerſion, and that ſet down in 
the N. A. being turned into degrees, will give the difference gf 
longitude between Greenwich and the place of obſervation. 

Theſe obſervations made on the firſt ſatellite, or that which moves 
| neareſt to the body of Jupiter, is the molt preper for determinins 

the longitude z and here it may be obſerved, that its emerſions . 

not viſible from the time of Jupiter's conjunction with the © to the 
time of his oppoſition to the ©, and that its immerſions are not yi. 
ſible from the time of planet's oppoſition to the ©, to the time gf 
its conjunction. | 

The configurations, or the poſitions in which Jupiter's ſatellites 
appear at Greenwich, are laid down every night when vilible, in 
the page the 12th of the month in the Ephemeris. 


EXAMPLE. 
Suppoſe that on the 17th of Auguſt, 1796, in long. 88? 3o' weſt 


by account, an immerſion of Jupiter's firit ſatellite was obſerved at 
12 H. 30 M. 20 S. apparent time. Required the longitude ? 
H. M. . 

At Greenwich, the immer. of Iſt ſatellite that day will be 18 20 4 
Obſerved immerſion at — — 12 30 20 
Difference in time _ — — 5 50 10 
Turned into longitude gives 879 32' 4, and is weſt, becauſe the time 
at Greenwich is more than at the place of obſervation ; the error in 
longitude 58 miles. | 

As theſe eclipſes happen almoſt daily, they afford the moſt ready 
means of determining the longitude of places on land, and then the 
longitudes of ſea coaſts might be better aſcertained than they are at 
preſent ; they might alſo be applied at ſea, could they be obſerved 
with ſufficient accuracy in a ſhip under fail, which can hardly be done, 
ſince the leaſt motion of a teleſcope that magnihes ſufficiently to make 
theſe obſervations, would throw the objects out of the field of view, 

The eclipſes of Jupiter's ſatellites may be well obſerved by one of 
Dolland's new achromatic teleſcopes of three fee: in length, or by a 
reflecting teleſcope of 18 or 20 inches focal length. 


To find the Longitude by the Eclipſes of the Moon. 


This is performed by comparing the times of the beginning or 
ending, as alſo the times when any number of digits are eclipſed, 
or when the earth's ſhadow begins to touch or leave any remark- 
able ſpot on the moon's face. 

Then will the difference of time between the like obſervations 


made at different places, turned into degrees, be their difference of 


longitude. 
But theſe eclipſes happen too ſeldom to be of any general uſe at ſea. 
5 x ©8LIQUE 


HH ww - © =© 


and angles ABC and 
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OBLIQUE TRIGONOMETRY. 


AXIOM I, 
N all plane triangles the fides are in direct proportion to the fines of their oppoſite 
angles. 
To find a Side. 


As the ſine of an angle 
Is to its oppoſite fide, ; 
So is the fine of either of the other angles in the ſame triangle 


To the fide oppoſite thereto. 
To find an Angle, 


As any fide given 

Is to the fine of its oppoſite angle, 

$0 is either of the other ſides in the ſame triangle 
To the fine of its oppoſite angle. 


CASE I. 

Two angles and one fide 4 H 
, > on . 
legs! 2 

The angle BDC=100? D 
and angle DCB=54*. ; # 

And the leg, BD=220 4 2 
A r 


CONSTRUCTION, 


Draw an indefinite line GE, add the two angles D and C together, and ſubtrating 
their ſum from 180 leaves the remaining angle B 26 on the line GE; on any poiripy 
as at B, deſcribe the angle B 26, and on BH ſet off BD 220. On D make the angle 
BDE 100”, then DC will interſect the line GE in the point C, which completes the 
triangle, and B C will meaſure on the ſame ſcale from which BD was jaid down 268 
nearly, and D C 119 alſo on the ſame ſcale, 


To find © B. . | To find DC. 

As the fine of the angle C 54* 9.90796 As fine ang. C. 54 9.909796 
Is to the fide B D 220 2.34242 s tothe fide BD 220 2.34242 
So is ſupt, fi. of ang, BCD 80 9.99335 | So is fine ang. B. 260 9.64184 
12.33577 11.98426 

9-90795 9-90796 

To the fide B C 267.3 2.42781| To fide DC 119.2 2.07630 

By the Gunter, 


iſt, The extent from 807 to 54* on the line of fines will reach from 220 to 267, on 
the line of numbers for B C. 

2d. The extent from 54? to 26 on the line of fines will reach from 220 to 119, on 
the line of numbers for the ſide DC. | 

CASE II. and III. 

Two fides and an angle oppoſite to one of them being given, to find the other oppoſite 
angles and the third fide ? a W - 

The fide BC 365, 2 
and the fide AB 640, pa 
and angle A 26 given, 5 
to find the fide A C, 
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COUSTRYCTION. 


Draw the indefinite line F E, and on any point therein, as at A, draw the angle 
DAE 26. On AD ſet off AB = 64, then on B, with 365 in your compaſſes take, 
from the ſame ſcale, deſcribe an arch which will cut FE in the point C. Join BC, 284 

It is done. AC will meaſure on the icale before uſed 809 nearly, the angle B will mon. 
ſure on the ſcale of chords 1034, and angle C 50] nearly, 


Proportion by Axiom II. 


To find the angle C. | To find AC. 
As the fide BC 365 2.56229 | As ſine ang. C. 50 14 9.33574 
Is to the fine of angle A 26? 9.64184 |Is to AB 640 2.80613 
So is the fide AB 640 2.80618 So is fi. ang. B, or its ſuppl. 76 14 9.98731 
12.44802 12479362 
2.56229 9 88573 
To fine angle C 50 14 9,88573 To fide AC 808, 2.90779 
Angle A add 26 o 
Subtract 76 14 5 
fro n 180 
Angle B 03 46 


It may be proper to obſerve, that if the given angle be obtuſe, the angle ſought will 
be acute; but when the given angle is acute, and oppoſite a given leſſer fide, then the 
required angle is doubtful whether acute or obtuſe, it ought therefire to be determined 
before the operation; for it is plain the above proportion produces 59 17 for the required 
angle, but as it is obtuſe, its ſupplement to 180 muſt be taken, viz 120 43'. 


By the Gunter. 


1ſt. The extent from 365 to £40 on the line of numbers will reach from 26” to 50 
145, on the line of fines equal to the angle B. 

2d. The extent from 50 14 to 76 14 on the fines, will reach from 640 to 80g, on 
the line of numbers equal AC. 


AXIOM Il, 


In every plane triangle it will be as the ſum of any two ſides is to their difference, ſo 
is the tangent of half the ſum of the angles oppoſite theſe fides, to the tangent of halt 


the greater angle, but being ſubtracted, the remainder will be the leſſer angles. 


QGASE IV,..01yY, 
| E 


Two fides and their contained angle 1 
being given, to find eicher of the other . 
angles, and the third fide ? 5 : 

The fide BC 110, AC 80, and > 
angle CA 102 30, to find the angle - 
BAC and CBA, A 


( —— 1 
CONSTRUCTION. | 


Draw the indefinite right line C D, on which ſet off CB=11c, make the angle ACB 
=102' zo, thenon AC ſet off C A o, join AB, and it is done, for AB will mea- 


fure on the former ſcale 149, and the angles A and B will meaſure 45 58, and 31 32 


reſpectively on the line of chords, 
Tue 


their difference, which half difference being 2dded to half the ſum of the angles gives | 


at © a ct Hd 


DA.” Abs. = AMS Ak 


Ste w* IS 


The proportion by Axiom 
To find the angles B and A. 
As the ſum of the ſides AC and BC 190 2 297875 
1s to their difference 30 1.47712 
$9is tans half ſum oppo. angles 38 45 9.90449 


11.38161 
2.27875 


To tang. half diff. 7* 13 =9.10236 


| 
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III. will be, 

To find the ſide AB by Axiom II. 
As ſi e ang. B 31 32 9.71350 
Is to AC 80 1. 90 309 
So is fine ang. C 102 30 

or its ſup. 77 wy 9.98758 


11.892667 
9.71850 


To ſide AB 149.3 2.17417 


By Gunter. 

1, The extent from 190 to 30, on the line of numbers, will reach from 38 45 ts 
5 13, on the line of tangents for half difference. 

2d, The extent from 7” 30, which is the ſupplement of oz 30 to 180 to 315 
42', on the line of fines will reach from 80 to 149. 3, on the line of numbers for the 
fide AB required. : 

The learner may be at a los how to know to which angles the above ſum and differ- 
ence belong, but let him remember the biggeſt angle is oppoſite the biggeſt fide, and 
the contrary, Which will determine it, : 


AXIOM III. 
In any plane triangle, it will be, 
As the greateſt fide 
Is to the (um of the other two ſides, 
So is the difference of thoſe ſides 
To the difference of the ſegments of the baſe made by a perpendicular, let fall from 
the angle oppoſite the baſe. 

And half the difference of the ſegments added to half their ſum will give the greater 
ſegment, but if ſobtracted from their half ſum will leave the lefler ſegment, the tri- 
angle being thus cut becomes two right-angled triangles, the hypothenuſes and baſes of 
which are given, to find the angles by Axiom I. | 


CASE VI. 
The three ſides of a plane triangle given, to find the angles? 
The fide 
BA 88, BC 
% AC os, 
given, to find 
the angles 
ABC, BAC, 
NA. 


F A E 2 C 
CONSTRUCTION 
Draw the indefinite right line FG, on which from any point therein, as at A, ſet off 
AC 108, then 88 in your compaſles, and one foot on the point A, {weep an arch alſo 
with the diſtance 54 in your compaſſes, and one point on C, {weep another arch inter- 
ſecting the former arch in the point B, and it is done; BA, BC, AC, will meaſure 
88 54 108 reſpeQiyely on the ſame ſcale. 
The proportion by Axiom III. 
$8 To find AE= ADC the diff, of ſegments. 
5+ 


TD 


14: Sum of ſhorteſt ſides 
34 Diff. ditto 


As the fide AC 108 2.01342 
Is to the ſum of ſides AB and BC 142 2.15229 


- — So is diff. ſides AB and BC 34 1.53148 

alf baſe 84 3.8 7 

Half diff, ſegm. 22, 35 2.03348 

— 76, 35 Great ſegment To AE the diſf. of ſegmt. of baſe 44, 7 1.65035 
31» 65 Leaft ſegm. i Half 22, 35 


Having 
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Having divided the triangle into two right-angled triangles, the hypothenuſe and baſe, 
of which are given, to find the angles by Axiom J. as follows: 


To find the angle DAB. To find the angle DBC. 
As the hypothenuſe AB 88 1.94448 | As hypoth. BC 54 1.73239 
Is to radius 10 Is to radius 10 
So is fide AD the great ſeg. 76 35 1-88281 |S0 1s DC 31 65 1.50037 
To fine ang. ABD 60 11” 9.93833 | To fi. ang. BDC 35” 53˙ 9.76758 
0 
90 9 
The com. is Ang. A=29 49 Its com. ang. C= 54 Oy Tang. A 29 49 


835 56 and 180 —83 56 Sang. B 96 4. 


OBLIQUE SAILING. 


E come next to the doctrine of oblique triangles applied to problems of failing; 

and though it may be applied to the meaſuring of inacceſſible objects, yet we 

ſhall confine it to thoſe problems which are more immediately neceſſary in navigation, 
and is chiefly uſed in taking the maps of harbours, ſea-coaſts, &c. as follows: 


Oblique Sailing exemplified by proper Examples. 


CASE I. 


The bearing and diſtance of two places from each other, as alſo the bearing of each 
of them from a third place, being given, to find the diſtance from the ſaid third place to 
each of the other two places, 


EXAMPLE. 


Coaſting along ſhore, I ſaw a cape of land which bore from me N. N. E. I ſtood away 
W. N. W. 20 miles, and the ſame cape bor: from me N. E. by E. I would know the diſ- 
tance of the ſhip at both ſtations from the cape ? 


CONSTRUCTION. C 


Having drawn the compaſs N. E. S. W. 
let 4 repreſent the place of the ſhip at her 
firſt ſtation, from whence, through the 
N. N. E. point, draw the indefinite right 
line CA, alſo through the W. N. W. 
point, draw another indefinite right line, 
BA, and ſet off thereon 20 miles from a 
ſcale of equal parts from A to B, through 
the centre of the compaſs alſo draw the 
N. E. by E. and S. W. by W. points, and 
parallel thereto from the point B, draw the 
line BC, meeting the N. N. E. in the 
point C, and it is done; now from the N. 
eaſtward 2 points, and from the N. weſt - 
ward 6 points, together make 8 points for 
the BAC, alſo the difference between 
the N. E. by E. and N. N. E. points are 3, 
or = 33 45 = 4 BCA, che other 4. 
being a right , the angle CBA will be 
the complement of 33 45'=56* 15 | 


* 
Py 


= hrs OR pe nt 


8 
To ſind the diſtance AC. "Mee To find the diſtance BC. 

Radius 10.00000 | Radius 10.00000 
: AB 20 miles 1. 30103: BA=20 miles my 

% Fang. £ B=56* 13; 10. 17811]: : Sec. C B 56* 15" 10.25 2 
— — — — 
AC ditt. from her iſt 674 © Diſt, BC=36 miles: 1.55629 
ſtation 29: 93 miles 3 Being 
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EXAMPLE IL 
Being at ſeay I ſaw two headlands, whoſe bearing from one another I find by the chart 
to be W. by N. and E. by S. diſtance 15 miles, the northernmoſt bore from me S. S. W. 
and ſouthernmoſt S. E. by E. I demand my diſtance to each of the ſaid headlands ? 


CONSTRUCTION. 
N 


Having drawn the com- 
ö paſs, ſet off the bearings as 
AB the S. S. W. bearing 
and AC the S. E. by E. 
courſe, draw through the 
centre the dotted line re- 7 
preſenting the bearings of W 
the two places from one 
another, and from A to- 
wards R, on this line, ſet 
off from any ſcale of equal 
parts, 15 miles from A to 
B, and draw B, draw DC 
lel to BA until it cuts 
AC at the point C, through 
C draw BC parallel to AD 
and it is done. 


— 
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Galculation of the Angles. 

Between N N. E. and E. by S. is 7 points, or 78 45'=4. ABC, between S. S. W. 
and 8. E. by E. is 7 points, or 78 45 = the J. BAC, conſequently the £s ABC, and 
BAC=14 points taken together, wherefore taking 14 from 16, the numbers of points in 
a triangle, remains 2 points, or 22 30 for the remaining C BAC. 

Calculation of the Sides. 


It being an iſoſceles triangle. 


As ſine $8 45=> 9.997 
78 45% 999157 AC = BC 15 miles. 


Is to BC = 15 miles 9.17609 
So is fine £ 22 30 A C 9.58284 
| 10.75893 
9-99157 
To- AB, 58 53 miles 0.76736 
This example, and the firſt, are uſed for finding the diſtance of a ſhip from any head- 
land, &c, when the ſhip is about to take her departure from the land. 
CASE Ih 
The bearings and diſtance of twe places from each other, and the diſtance of one of 
whoſe places and the bearing of the other from a third place being given, to- find the 
bearing of the firſt, and the diſtance of the ſecond from the third place. 
a EXAMPLE I. 
Admit two ſhips fail from the ſaid road, one ſails N. E.] E. eaſterly 16 miles, the 
other ſails 20 miles, and then finds the firſt to bear N. N. W. I demand the diſtance 
between the two ſhips ? 


CONSTRUCTION. 


W 


iſt, Having drawn the com- FA 5 
paſs, let A be the place the — 

thips departed from, and draw 

the N. E. 1 E. line AB equal 

16 miles, 

2d. From B draw the right 

line BC parallel to N. N. W. 

then with 20 miles between 

the compaſſes, ſetting one foot W. 
in A, with the other croſs the 

line BC as in C, and join 

AC, then is the / BAC the 
courſe which the ſecond ſhip 
ſteered, reckoned from the N. E. 

2 E. ſoutherly, to find which, 
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Calculation of the Angles. 


From B to C bears S. S. E. the oppoſite point to N. N. W. which is 2 points, a1; A 
bears from the ſame point B, S W. W. the oppolite point to N. E. 1 E. which 
points and two trom the S. eaſterly, make 61 points for the £ ABC, from wh: 


find the . C thus : 


As the fide AC=20 miles 1.30103 

Is to fine of the / ABC=73 8.98087 

So is the fide AB 16 miles 1.20412 
11.1840 
1.30103 

To ſine of the C 49 57 9.88396 

From N. N. W. add 22 30 

Sun makes 72 27 from the N. wetterly. 


Which being counted from the N. N. W. makes AC to bear from 72 27 weſterly 
whence the ſflip's courſe was from A to C72 27 eaſterly, or E. S E. E. neatly, , 


To find the Diftance of the t o Ships from one amther, 


The . ABC=73? © As fine . ABC=73* o/ 9.92087 
4 C= 49 57 Is to fine AC=20 1.30103 
Sum 22h 4 So is ſine L 56 56 9 92326 

— 11.2242 
L A 56 56 — 9.98087 
To fide BC=17" 52 miles. 1.24442 

CASE III. 


The beatings and diſtances of any two places from a third being given, to find the 


bearings of the ſaid places, and their diſtance from each other. 
EXAMPLE I. 


Admit two ſhips ſet fail from the ſame port, one whereof ſails N. W. 30 miles, the 
other ſails N. E. by N. 40 miles. I demand their bearings and diſtance from each other? 


CONSTRUCTION, 


From A ſet off the N. W. courſe 
, AB, which make 30 miles, alſo draw 
the ſecond ſhip's courſe AC, and ſet off 
thereon 40 miles, from the ſame ſcale 


before uled, Join BC, and it is done, 


To calculate the Angles, 

N. E. by N. 3 points 33 45 
N. W. 4 points 45 

A BAC | 78 45 
180 

20101 15 


2 ſum opp. angles $9 37 


T 
H 
A 
81 
D 


OBLIQUE SAILING. 263 


As ſum of i. AB & AC=70 1,84510] To find the Diſtance from each other. 
I to their difference 10 1,00000 | Ag the fi. ang. B 69% 0 3 
80 is tang» 4 ſum opp. £5 50 374 10, o8 80 


—_— — — * 


11,08 570 Is to fide AC 40 1,50206 
1,8470 So is fine ang. A 7845 9.99157 bs 

. d I 0 — \ 
To tang. 8 25 9990 21,59363 
Angle B 8 — 9793970 WM 
Angle C Diff. 40 45 —— 
Angle A 1 To their diſt. B Cg 45-8 1,6392 

* Sum 180 © | ; 71 
Angle C 40 45 it 
N. E.by N. 33 45 | 
Sum 74 30 the bearing from C, 


W. by S. 1 S. nearly. 
* : CASE IV. 


The mutual diſtances of three places from each other, and alſo the bearing of any 
two of them being given, to find the ſeveral bearings of theſe two from the third 
place. EXAMPLE, 

Admit there be two ports lying E. by N. and W. by S. diſtance 400 miles, a ſhi 
from the eaſternmoſt ſails now ir, 450,7 miles, another from the weſternmoſt ail 
zoo miles and meets the firſt, I demand the courſe ſteered by each thip? 

CONSTRUCTION. 

15t, Having drawn the compaſs N 
N. E. S. W. let B, the centre, repreſent 
the weſternmoſt port, and draw the E. 
by N. line B D, on which ſet off 400 
miles to D, then will D be the eaſtern- 
moſt port. 

ed. With goo between your com- 
paſſes, and one foot on B, deſcribe an 


arch, 

Wich 430 in your compaſſes, 
I. foot — D, Aeleribe — | B 
arch interſefting the former arch, as | 
u C, join CB and CD. 

4th. Making B D the baſe from C, 
let fall the perpendicular C A thereon, 
which will divide the oblique-angled 
tnangle BCD into two right-angled tri- 


angles BCA and A CD. 8 
by Axiom III. To find the Caurſe from D, in 4 Ac. 
As the baſe B D 400 2.60206] As the hypotb. 430,7 2,65389 
Is to ſum of ſides BC and CD 750,7 2,87547 di co 
do is diff, of ſides BC and CD 13,7 2.12811 227 D "oP "2 2006 
0533058 — 
ST 22,53326 
To diff. ſegts, of baſe 282 8 2,45152 205359 
Half which 14t 4 To co-fine ang. D 49.45 9487937 
Add to & baſe 200 © Subtract E. by N. 11-15 
Sum is gr. ſegt. AD = 241 4 Remains W. 29.31 N. for the ſhip's 
Diff. = the lefl. ſegt. A 58 6 courſe from D, the eaſleramoſt port. 
To find the Courſe from B, in C. BCA. 
As bypoth. goo 2,47712 
Is to radius Go 10, 00000 
80 is AB 58,6 1,75790 
t1,707y0 
** A 2,47712 
oeline ang. B 78% 44” 29.78 
AddE. by N. 11 17 ** 7 


- Sum E, 89 59 N. or the courſe is-N. 4 B, the weſternmoſt ſhip's port. 
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3 


The bearings of two or more places from two different ſtations, as allo the bear- 
ings and diſtance of the ſaid ſtations from each other being given, to find the 


SAILING, 
E V. 


bearings and diſtance of the ſaid places from each other. 
This caſe is a compound of the firſt and fecond caſcs. 


EXAM 


PLE I. 


Coafting along ſhore, I ſaw two headlands, the fiſt hore from me N. E. ths 
ſecond E. N. E. and after I had failed E. by S. to miles, the firſt bore from mc 


N. by E. and the ſecond N. E. by N. 
from each other? 


COMNSTIAUCITON, 


1ſt, Having drawn the 
compaſs N. E.. S. W. let 
A repreſent the place of 
the Tay from whence 
draw the N. E. line A C, 
the E. N E. ſine A D, and 
the E. by S. line A B 
10 miles, then will B be 
the ſecond ſhip's ſtation, 

ad. From B draw the 
line B C parallel to the 
N. by E. where this inter- V 
ſects the N. E. line, as in : 


I demand the bearings of the two headland; 


C, gives the firſt headland. W 

gd. Allo from B drew i 
the line B D parallel to 
the N. E. by N. where 
this interſefts the E. N. E, 
Une, as in D, gives the 
lecond headland. 


4th. Join the 


8 
ints C and D, then will C D be the diſtance of the headlands from 


each other, and the £ A CD their bearing from the N. E. line, to find which by 


CALCULATION. : 
Firſt you muſt find the diſtante of both headlands from both Nations. 


1. In the A ABC all the Es are given, 
and one fide AB 10 miles. 

Betwixt E. by S. and N. by E. are eight 
points, conſequently, the 4 ABC is right- 
angled. 

Betwixt N. E. and E. by S. is 5 points, or 
£ CA B=56? 15”. Its comp. = 4 AC B 
=$3"'45- In AA CB. 

As fine . A CB 33* 45 = 9.74474 
: ſine ABB 2 10 1,00000 
: ſine 4, CAB= 56 15 9.91985 

3 14,96 1,17511 

or 15 miles neatly. 

Jay, In the A CBD is given the fide 
CB 14,96, the ſide BD io miles, and CBD. 
For betwixt the N. by E. and N. E. by N. 
is 2 points, or the z. CRD = 22“ go". 

As ſum of ſides BC & BD 24,96 1.397924 
diff. ſides BC & BD 4,96 o, 69548 

3 3 tang. 3 ſum opp. 5 27845 10,014 


11, 29682 

3 _ 
z tang. 4 difference 44, 5 95¹ 
* 2 CDB 123 43 9, 99958 


& BCD 33 47 


e. In the A ADB, : 

Betwixt E. N. E. and E. by S. z; points 
. DAB 33 45. - . 

Betwixt E. N. E. and N. E. by N. is g point, 
ſo that the . ADB gg 45\, now there are 
2 Ss equal, conſequently there mult be two 
ſides equal, viz. the ſides oppoſite thoſe an- 
gles, that is, the fide A B = the fide BD= 


10 miles; and the AABD is an 2 A. 
180 


as. 
27.2 
78 45 


As fine < BCD 9,74512 


: to BD 10 © 1,00009 
: : fine < CBD 22 30 9, 58254 


D g the diſtance of both 68,82 1,83772 
Again, 

From 2B CD = 23 47 

Subtrat N. by E. 11 15 


22 32 that is CD bean 
from C. S. 22 32 E. or S. S. E. and the 
contrary from D. 


33 47 


ad Jo UT 5a” Www = 
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The Manner of Surveying Coaſts and Harbours, 


PAVING, in the former part of this work, treated on thoſe branches 
of knowledge, which ought to be acquired by every one who under- 
takes the conducting of ſhips to remote parts; I think it is incumbent on 
me to give ſome directions concerning another branch, which, though of 

reat importance, ſeems to be too much neglected; namely, the drawing 
of Drafts or Charts of the ſeveral Coaſts along which they fail, and alſo of 
thoſe Harbours into which they go. 

Thoſe who have the charge of conducting ſhips frequently complain, 
that few of the ſea charts are found to be correct. Suppoſing the com- 
plaint to be juſtly founded, we may reaſonably preſume, that ſuch incor= 
rectneſs has ariſen from the following cauſes; namely, the Authors having 
too much recourſe to thoſe charts which were drawn when the latitudes 
and longitudes of places were but ill determined, and when the neceſſary 
inſtruments were not ſufficiently correct for the purpoſe of taking the 
different bearings; or it mas have been owing. to an impropriety in the 
manner of ſurveying the ſeveral parts, 

When a voyage is finiſhed, the Journal of that voyage, however appli- 
cable it may be to public purpoſes, is ſeldom regarded. Were the Lords 
of the Admiralty to eſtabliſh a Repoſitory for obſervations, drawings, ap- 
pearances of the land, and other uſeful articles, ſuch materials might be 
applied to the improvement of navigation. Proper perſons might be ap- 
pointed to arrange and apply them in the conſtructing of uſeful ſea charts; 
and ſuch charts, if not given to the public, ſhould be delivered to the 
officers of the Royal Navy, When a ſhip of war is ordered to go abroad, 
the Maſter who has the charge of navigating her is under a ſtrong temp= 
tation, not to ſay neceſſity, to purchaſe ſuch charts as will beſt ſuit his 
preſent circumſtances, though not the mott correct; and the valuable ſhip, 
with" the ſtill more valuable lives of the people on board, are thereby 
greatly hazarded. 

Having ſome time ago waited on the Firſt Lord of the Admiralty, I took 
the liberty to recommend the furniſhing the Maſters with proper charts, 
when ordered upon diſtance ſervices; and obſerved that tuch charts might 
be returnable in the ſame manner as the ſhip's ſtores are now; which has 
long been the cuſtom in France, His Lord{hip thought proper to ſay, 
« He hoped the Admiralty would think of it.“ I told his Lordſhip that 
[ was then ſpeaking to the Firſt Lord of the Admiralty, and a Seaman, 
Having never heard any thing of the matter ſince, I ſhall proceed to ſhew 
the reader how the buſineſs of taking the bearing of any part of a coaſt, 
and of plotting or delineating it may be performed. 

1. Bring the ſhip to the moſt convenient place from whence you can 
ſee the moſt diſtinguiſhed points of land, and the moſt remarkable objects 
on ſhore, and note their bearings down in your ſtation book, as alſo keep 
a rough draft on a ſheet of paper, note thereon the ſtation 1. 

2. Bring the ſhip to the moſt convenient ſtation or ſpot you find, 
and take the bearings of the moſt remarkable points and ſpots you before 
oblerved when at firſt ſtation, and obtain if you can the diftance of your 

| L12z : veſſel, 
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veſſel, from your firſt ſtation, from the bearings and diſtance of ſome 
noted points on ſhore, it will be preferable; but if you have no diſtance 
on ſhore of objects from one another, you muſt, in this cafe, obtain it 
carefully by your log; alſo note theſe bearings down in your rough draft: 
as well as in your book, making a baſe line to repreſent the bearing of 
your ſhip at her firſt ſtation, and placing from ſome ſcale thereon the 
diſtance and bearing of your former ſtation, which will be ſtation 2, from 
whence draw the laſt mentioned bearings, and note their interſections with 
the ſame objects before ſeen; a line drawn through all theſe interſections, 
making it reſemble as much as you can all the turnings and windings of 


the land you ſee, carrying your eye from point to point on ſhore, and 


making the ſame wavings or windings in your draft. 


line, for objects that are in leading marks, as houſes, churches, ſteeples, 
mountains, &c. 

As alfo ſuch particular objects as open from one another, one, two, 
or three points or more, it will aſſiſt to correct thereby. | 

4. If you can from a third ſtation take in like manner the bearing and 
diſtance of your former two ſtations, and alſo of all the former objects, 
you will from thence be able to detect if any error ſhould have been com- 
mitted; each ſtation ſhould be if poſſible in the bearing of two remark- 
able ſpots in one, what opening theſe make with one another at 3d ſtation, 
will-determine. 


To take a Draft of a Coaſt in ſailing along Shore. 


PAVING brought the ſhip to the moſt convenient place from whence 
the principal points of the Coaſt or Bay may be ſeen, either catt 
anchor if it is convenient, or lie as ſteady as poſſible; or, if the coaſt is 
too ſhoal, letthe obſervations and meaſures be done in a boat; then, while 
the veſſel is in a ſtationary ſituation, take with the azimuth compals, 0: 
ſextant, the bearings in degrees, &c. of ſuch points of the coaſt as form the 
moſt material projections or hollows ; write down theſe bearings, and 
make a rough ſketch of the coaſt, obſerving carefully to mark the points 
whoſe bearings were taken with letters, for the ſake of reference. 

Thea let the ſhip or boat run in a direct line along, which muſt be care- 
fully meaſured by the log, or otherwiſe, one, two, or three miles, more ot 
leſs, until ſhe comes to a ſituation from whence the ſame points before 
obſerved can be ſeen again: there let the veſſel lie as in the foregoing ſta- 
tion, and again obſerve the reſpective bearings and leading-marks where 
two points or bearings, as mountains, churches, trees and houſes, any two 
remarkable objects in one, in degrees, &c. of the ſame noted points, 
which are alſo to be wrote down, and a rough ſketch of the coaſt ſhould 
be alſo taken from this ſtation, for which purpoſe prepare an obſervation 
table, in which write diſtinctly and regularly the ſeveral celeſtial obſerva- 
tions, bearings, diſtances, meaſured by the log-line, the rocks, ſaoals, 
ſoundings, overfalls, races of tides, and other remarks that may be made 
along the coaſt; the table may conſiſt of ſeven or 8 columns diſpoſed in 
the following order: Ne 

Ote : 


3. Note particularly on ſhore ſuch remarkable objects that lie in one 


8 1 << 46 pers 
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Note. The ſextant will be found the readieſt and moſt correct inſtru- 
ment to take the angles, by being held in an horizontal poſition, by which 
means any two bee not exceeding 120 may be brought into contact; 
it will not be amiſs to take matecial points by the compaſs, and interme- 
diate ones by the ſextant or quadrant, | 
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While the veſſel is running the baſe line from ſtation to ſtation, an ae» 
curate appearance of the coaſt ſhould be made, to do which let four expert 
perſons be appointed, one to take the bearing exactly with an azimuth 
compaſs; one to overſee the running out of the log- line, and to keep an 
account of the ſhip's way, ſo as to be readily able to tell the diſtance run 
when required; the third to attend the heaving of the lead, to write down 
the ſoundings and bearings of one or two head points, or remarkable 
points of the coaſt, taking at each depth ; the fourth a draftſman, to draw 
out the neceſſary bearings and diſtances, and delineate the figures and 

windings 
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windings of the coaſt at each ſtation, and to correct their forms and di- 
menſions when the ſhip is ſailing along the land, Then let the ſever] 
bearings be corrected by the variation to reduce them to their true poſi- 
tions; then in ſome convenient part of a ſheet of paper, deſcribe a circle, 
the larger the better, on which lay off the feveral bearings taken from 
the firſt ſtation, and let them be numbered 1, 2, 3, &c. on the outſide 
of the circle; alſo, lay down the ſeveral bearings taken at the d ſtation, 
let theſe be numbered with the ſame figures on the inſide of the circle. 

Draw a line to expreſs the ſhip's run, both in leagth and courſe, and 
from the end of the line, expreſſing the firſt ſtation, draw lines parallel 
to the reſpective bearings taken at that end, and note it in the circle; 
mark the interſection of each pair of lines, directed to the ſame point with 
the numbers annexed to their bearings; and through the interſection ſo 
marked, draw by hand a curved line; obſerve to wave the line in and out, 
as near as can be like the bending of the coaſt itſelf, 

Againſt each part draw the appearance of the elevated, or low ground, 
in the ſketches, diſtinguiſhing rocks, cliffs, or high lands, low lands, ſand 
hills, &c. If there are any currents, or eddies, expreſs them in their 
proper places, by darts or arrows, the points being turned that way 
the currents ſet; put in the ſeveral ſoundings at low water, in ſmall 
figures, diſtinguiſhing whether fathoms, or feet; ſhew the time of high 
water on the full and change days, by Roman figures, and tell the riſe in 
feet, put in a compaſs, with a ſcale of miles or leagues, ſuch as the veflel's 
ren was laid down by; add the name of the place, the coaſt, and the lati- 
tude and longitude, as true as-can be obtained, 

If there is a ſnoal or ſand on the coaſt, let it be taken by a boat failing 
round it, and keeping an account of the courſes, diſtances and ſoundings, 
to be put in the draft; the boat mult, from ſome part of the ſand or ſhoal, 
take the bearings of two points on the coaſt, where bearings have been 
taken from the ſhip, or the bearing of the boat or ſome part of the ſhoa), 
or ſome beacon in that place muſt be taken by the ſhip, at the ſtations 
where ſhe takes the bearings of the ſhore; for by either of theſe means 
one point of the ſand being obtained, the reſt of it can be laid down from 
the boat's account, | 

If the coaſt to be drawn is a bay or harbour winding in ſuch a manner, 
that all its parts cannot be ſeen at two ſtations ; let as many bales or 
lines be drawn and exactly meaſured, as may be found neceffary, obſerv- 
ing that the ſeveral diſtances run ſhould join to one another, in the 
nature of a traverſe; that each new ſet of objects, or points obſerved, 
ſhould be taken from two ſtations at the end of a known diſtance, and 
that the objects whoſe bearings are taken do not ſo much extend beyond 
the limits of the baſe, as to make angles with it leſs than about + or 3 of 
a point, but rather reſerve ſuch objects for the next meaſured bale line; 
for when lines lie very obliquely to one another their interſections are 
net eaſily aſcertained, : 

Thus may a coaſt of any extent be ſurveyed, by carefully meaſuring 
of ſtationary baſe lines, and-from their ends drawing angles to each other. 

If any particular parts of the harbour cannot be conveniently ſeen from 


either ſtation, take the boat into thoſe places, and having well 2 
n | jem, 
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them, make ſketches thereof, eſtimating the length and breadth of the 
ſeveral inlets, either by the rowing or ſailing of the boat; take as many 
bearings, ſoundings, and other notes as may be thought neceſſary; tuen 
annex theſe particular views in their proper places in the general draft, 

If there are any dangerous ſands or rocks, beſides inſerting them in their 
proper places, there ſhould be a double line drawn through that point, on 
one or more objects athore ; and tor this purpoſe chooſe a church, mill, 
houſe, noted tree, a clift, or any remarkable thing that can be diſtinctly 
ſeen at fea, and which can be brought to bear in the ſame right line 
with the point to be avoided ; but it that point is under water, there 
muſt be two land marks brought to bear with the danger, either in a 
right line, when it can be, or in two lines, and thoſe two lines, and 
thoſe land marks may be put down in their proper places, by their inter- 
ſection of two objects in one bearing, and two objects in another bear- 
ing; which will give the {tation of the ſhip, and the diſtance and the 
bearing of the danger from that ſtation noted, when near or on it; but if 
two ſuch interſections cannot be obtained, it muſt be put down from the 
two points on ſhore, in one with the computed diſtance therefrom, or 
from the interſection bearings of two ſingle points on ſhore. 

It ſhould be remarked in the draft, what places, if any, are unht for an- 
chorage, and what are fit, by writing rocky ground, foul anchorage, 
good anchorage z and in the latter, to draw the figure of an anchor, Alſo 
if there is any particular channel more convenient to fail through than, 
another, it is to be pointed out by lines drawn to its entrance, from two 
or more noted marks on ſhore. 

The foregoing method of ſurveying a coaſt ſuppoſes in general, that it 
is taken by a ſhip in her paſſage along, not having an opportunity of going 
aſhore. - But when circumſtances will permit the meaſures and obſer- 
vations to be made on land, the ſurvey can be more accurately taken than 
on the water. | 


To Survey an Harbour by Obſervation Aſhore. 


MAKE an eye-draft of the place to be ſurveyed; and in going round its 
coaſt, fix in the moſt remarkable points and bends of the ſhore ſtation 
ſtaves, or ſtrait poles, tall enough to be ſeen at a conſiderable diſtance : but 
if at any of thoſe places there is a noted tree, houſe, or any other remark- 
able thing, that object may ſerve inſtead of a ſtation ſtaff; and it will be 
convenient to black the ſtaves, and tie a piece of white bunting to the top 
ofeach; then in the eye-draft put letters at the noted points, or marks, 

for diſtinction ſake. | 
Chooſe the moſt level ſpot of ground, wherein a baſe line may be mea- 
lured, of one or more half miles in length, or a length of not leſs than a tenth 
part of the diſtance of the two extreme objects marked for obſerving, and 
let the direction of the meaſured baſe line be ſo laid out, that from both 
ends of it as many of the ſtation ſtaves before planted, or the objects before 
remarked, may be ſeen; the bearing or poſition of this baſe muſt be deter- 
mined by degrees and minutes, and allo its length muſt he accurately mea- 
ſured to feet and parts, either by a meaſuring chain, or by a piece of log- 
line of 100 feet long, properly marked at the end of every 10 _ 
3 rom 
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From one end of the baſe obſerve, with any inſtrument proper to take 
bearings, the poſition or bearing in degrees and minutes, of all the ftaves 
or objects within view, and write them down orderly; do the fame from 
the end of the baſe, and let all the bearings be corrected by the variation 
of the compaſs. 

Then theſe meaſures and corrected bearings being plotted or laid down, 
will give the moſt conſpicuous points on ſhore, the intermediate ſpaces 
are to be filled up from the ſketches of them made on the ſpot. 

But if any ſuch objects ſhould ſpread on either hand, fo far from beyond 
the limits of the baſe, that at either end thereof, the other end and thoſe 
objects or ſtaves ſhould appear nearly in the ſame direction, or to make 
Es of, not exceeding 10“: or, if ſome of the remarked objects can be 
ſeen only from one end of the baſe, then let the bearings of ſuch objects be 
taken from a place whole poſition has been determined from both ends of 
the meaſured baſe ; or, if there are ſeveral remarked objects which cannot 
be ſeen from either end of the baſe lines, let the bearings of ſuch objc&s 
be taken from each of the two points whoſe poſition has been taken from 
both ends of the baſe ; or it may on ſome occaſions be proper to chooſe 
another place on which another baſe of a convenient length may be mea- 
ſured, and from the extremities of which the ends of the fir{t baſe may be 
ſeen, and alſo as many as can be of the remaining objects which lay too 
obliquely for the firſt baſe, or which could not be ſeen from it; in ſuch 
manner proceed until the bearings are taken of all the points judged ne. 
ceſſary for completing the ſurvey of the limits of the harbour. 

If a baſe line of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two ſides of a triangle, the 
included angle being accurately taken, and the bearing of either line, 

When the outlines or limits of an harbour, bay, road, &c. are deline- 
. ated by the preceding precepts, let a ſmall veſſel go out to ſea to take 
drawings of the appearance of the land, and its bearings, ſail likewiſe into 
the harbour, and draw the appearance of its entrance, take particular notice 
if there are any falſe reſemblance of the entrance by which ſhips may be 
deceived and run inte danger; or when any two objects being brought in 
a line, or in one, will lead into the harbour without danger; when dit can 
be done, ſearch for the beſt anchoring places, and if poſſible denote thoſe 
places, by bringing two objects in one, if not the exact bearings of two 
or three other objects, ſo that the places may be eaſily determined, 
the chart being correctly drawn, a compaſs, with the variation, and calc 
properly fitted to the plan, the iſles, rocks, fands, &c. marked in their 
proper places, with their ſoundings at low water, and the winds open to 
them, the beſt track with the ſoundings all the way to thoſe anchoring 
places, the proper failing marks to avoid dangers ; the winds, if any trou- 
bleſome ones, which prevail, and at what ſeaſons ; the places where freſh 
water can be got, the name ef the place, the country in, on what ſea, the 
Jatitude and longitude, a ſketch of the appearance the place makes at 
ſea upon a known rhumb, and at an eſtimated diſtance, and whatever elſe 
a judicious ſeaman ſhall think proper to inſert ; then is the plan fit for all 


nautical purpoſes, and may be embelliſhed with proper colours, it wr” Je 
ea · 
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Sea drawings, taken according to the foregoing precepts, beſides 
the real uſe they are of, cannot fail to recommend the young mariner, 
who ſurveys and conſtructs them, to the notice of his Superiors. 


To reduce a Draft to a ſmaller Scale. 
ITH a black lead pencil draw the draft to be reduced all over 
with croſs lines, forming exact ſquares, draw the clean paper 
for the copy all over with the ſame number of ſquares, but their 
ſdes larger or ſmaller in proportion to the intended ſize of the ſcale, 
ſuch as 4, 4, &c. length of the other, diſtinguiſh by a ſtronger mark, 
with a figure every fifth or ſixth row of ſquares in both, ſo that the 
ſeveral correſponding ſquares may be readily perceived; then, in each 
of the ſquares of the draft, draw, by the eye, a curve on the paper, 
ſimilar to that in the ſquare of your copying draft, till the whole is 
copied; make the black lines with India or other ink, and when drawn, 
the black-lead lines may be rubbed out with bread or India rubber. 
[ here give two Examples, as an elucidation of what has laſt been 


laid. 
EXAMPLE I. 

AB is the Baſe Line, equal to 4 Mile. 
BG=N, ge k. 1) AG=N. E. by N. 17 
BC=N. 2g W. 2 ACN. 2 Stati 
BD=N. 53 W. 3 \ Station at B, ADS. by W. A —_- 
W. S W. 4 with Bearings. | AE S. W. by W.4 os 
Bliss. W. by S. IW. 5 | AH=S.$W. &« | rings. 
Was. 6 | AF=S. E. * | 


Theſe inſtruments give the points GC DE HF in order from each 
ſtation; that is, BG and AG interſects, as alſo BC and AC, &c.- 

Obſerve, the laſt letter muſt be the ſame in both bearings, and it 
will be the beſt to follow the bearings one way all round the compaſs 
from the firſt ſtation ; as alſo when arrived at the ſecond ſtation, be- 
gin with your firſt object ſeen atyfyſt ſtation, and follow the letters 
round belonging to each object, by which the laſt letter in each bear- 


ing will ſucceſſively follow in order. 
his is an example when on board ſhip, but in the following 


EXAMPLE II. 
This harbour was ſurveyed by baſe lines taken on ſhore, which, 


when it can be done, is far preferable. | 
The baſeline AB 812 fathoms was taken, as by directions on the 
moſt even ſpot on ſhore ; now, beginning from the point A: | 
AB =W. by S. 4 8. JB . S. W. 
AC=W, by N. Bearings GC W. by S. 4 8. | 
ADW. N. W. IN. C from Sta-|GD==W. 4 N. Bearings from 
AEN. N. W. W. tion A. GES W. N. W. N. Station G. 
AF N. by w. z. 7 GFN. W. by N. I N. 
AG=N. N. E. 812 fathom 
Bearings from Station F. | — from Station K. 
FE and FHN. W. by N. IN. in one. KF 8. W. 4 W. 
FI N. IE. | KE SW. 2 8. 
FK N. E. IK. 77; fachom. KH N. W. 4 N. 
KT =N. by W. 4 W. 
NN AN. Z K. 
Mm Through 
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Through the interſections of the bearing draw the configuration of 
the land, as before directed, and finiſh the drawing by the inſtructionz 
there given, which, if well heeded, no difficulty will materially occur. 


To ind tbe Height and Diſtances of Objects at Sea, 


XXV HEN the object is perpendicular, and the diſtance to it can 
be meaſured, find the angle of latitude with a quadrant, and 
meaſure the diſtance to it as exact as poſſible, and then you have the 
Es and baſe, to find the perpendicular,; or, if you go backward or 
forward until the angle of altitude be 459, the diſtance between you 
and the object will be the perpendicular height. 


EXAMPLE I. 
Being 69 fathoms from the bottom of a tower, I find its altitude, 


after allowing for the height of my eye, above the water 50® 10, 
Required the height ? 


n 2 ROSE © 


A 15.10 : SJ = 2 


Draw AB=96, upon B erect the perpendicular BC, and draw 
AC, making an angle with AB=15® x0' till it cuts BC in C, then 
will BC be the height ofthe tower 

As radius 1000000 

Is to the diſtance 96 1.9822 

So is tang, ang. A. 15 10 9.4330 


— __ . i= ad £5uc0SO 


To the height BC 26.2 1.41535 
EXAMPLE II. | 


Being at ſea, I obſerved the altitude of a mountain, and found it 
20?, and then failing from it in a direct line four miles, I found the 
altitude of the mountain to-be ys dip and refraction allowed for. 
I require the perpendicular height 
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CONSTRUCTION, Z. A=160® 
| 4D= 147 
w the horizontal line DC. Sum 174 which taken from 180 21 
"nw polut A make the . BAC=20?, the 2 DBA == Then it 1 
vom Aeſett off 4 miles to D, on D make As-fine . DBA=S6®, 5 9.01023 
the L. BDO“, and from where the line |, SS — — 
DB cuts the line AB as at B, let fall the Si — BD . 0. bozo 
perpendicular BC on the baſe DC, and DCſ ** 4 41. 9.33363 
meaſured will be the perpendicular height 9.98574 
xquired, N 9.01923 
\ 1 AB=9q.258 = 0.96651 
; Then A ABC given, AB = 9g.z58 
2 A find BC. * 
Radius o. 00000 
2 9.23 755 
:: Sine 20 9.53405 
: BC=3.166 . 56858 


o that the height of the mountain is 3 miles . = 1 furlong, 13 


poles, &c. | 
NoTr. In Gpding the 4 DAB ſee Prob, ach in Geometry . 


Of the Curvature of the Earth. 


MoS: perſons know that if they are raiſed above the ſurface of 
the adjacent land or water, they can not only ſee different objects 
that he on that ſurface better, but alſo ſee thoſe more and more re- 
mote as they advance higher, The irregularity of the ſurface of the 
land will not be ſubjected to any one rule that will give the diſtance 
to which objects may be ſeen at different elevations; but at ſea, 
where there is generally an uniform curvature of the water, upon 
the ſuppoſition of the ſpherical form of the earth, thoſe diſtances may 
be eaſily computed, | 


R' U- I E. 

To the earth's femidiameter add the height of the eye, multiply 
the ſum by the height, then the ſquare root of the product is the diſ- 
tance at which an object on the ſurface of the water can be ſeen by - 
an eye ſo elevated; and by this rule was table XXItI. computed, the 
diameter of the earth being taken at 41798117 feet, according to Sir 
Iſaac Newton's meaſures. This table may be uſefully applied to eſti- 
mate the diſtance of an object at ſea, the elevation of that object above 
its horizon being known. | | 


EXAMPLE I. 

Sailing towards a head-land, on which is a light-houſe elevated 
boo feet above the ſurface of the water, we ſaw the lights at night juft 
appear in the horizon, how far were we at that time diſtant from 
that light-houſe, | 

Look in table XXIII. for 600 feet in the column marked height 
in feet, and right againſt it, in the column marked diſtance in mildd, 
1s 39.994 · So that the diſtance may be reckoned about 30 miles. 
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EXAMPLE I. 


Being in company with ſome merchants walking on a ſandy ſhore, 
on the look-out for a veſſel which was expected, whoſe top- gallant 
maſt was 140 feet above the {uriace, allowance being mad: tor her 
immerſion in the water, we obſerved through the teleſcope a ſhip's 
vane juſt appearing in the horizon. How far off is that ſhip, ſup. 
poſing it the veſle] expected? * Anſwer, againſt 140 feet, the height, 
ſtands 14,488, that is her: d ſtance; here is no allowance made for 
the height of the eye above the horizon; but it is obvious, that the 
higher the eye, the farther it can ſee : now as objects are ſeen in 2 
ſtraight line and that line is a tangent to the earth's ſurface, there. 


fore it follows, that to find the diſtance of two elevated objects, 


when the right line joining them touches the ſurface of the earth, 
'between thole objects look for the diſtance anſwering ezch height, 
and their ſum is the diſtance required. 

Thus, in the ſecond example, ſuppoſe the eye raiſtd ſix feet above 
the water's edge, it can fee an object on the ſurface 2.999, or 3 
miles off, This diſtance added to 141 miles make the diſtance cf 
the ſhip to be 17 miles. 

EXAMPLE III. 

A man being on the main top- gallant maſt of a man of war 200 
feet above the water, ſees an 100 gun ſhip ſhe had engaged the day 
before hull-to, how far were thoſe ſhips diſtant from one another! 

A ſhip of 100 guns, or a firſt-rate man of war, is above 60 feet 
from the keel to the rails, from which dedu& about 20 leaves, 40 for 
the height of her quarter above water, Now a ſhip is ſeen to hull-to 
when her upper works juſt appear. 

Then 209 feet high gives 17.316 miles, 
And againſt 40 ſtands 7.744 


25.060 miles is her diſtance, 


CURRENT SAILING. 
URRENTS are certain ſettings of the ſtreams, by means of 


which all bodies moving therein are compelled to alter their 
courſe and ſubmit to the motion impreſſed upon them by it; whence, 
if a current ſets with the courſe of a ſhip, it augments her motion 
by as much as the drift or rate of driving it. | 
| Tikes, if a ſhip fails N. N. E. 20 miles, in a current that lets 
N. N. E. 8 miles, in the ſame time her true courſe will be N. N. E. 
28 miles in that time; but if a current ſets againſt a ſhip, it leſ- 
ſens her velocity by juſt as much as the current's drift is. 
So that if the ſhip ſails N. E. 49 miles, in a current that ſets S. W. 
10 miles in that time, then her true courſe will be N. E. 39 miles; 
and if in the ſame time that the ſhip fails N. E. 49 miles in a current 
that ſets 8. W. 59 miles, then the ſhip will fall a- ſtern, and her true 
courſe will be S. W. 10 miles; but if the ſhip thwarts the current, 
it not only leſſens or augments her velocity, but gives her a ne 
motion, compounded of that of the {hip and current, that is, if 
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If a body be agitated A B 
two motions at the on 

{ame time, the one with / . 
1 certain velocity that 
ERS. U d“ 
, 
0 AB, the length AB in a a 
certain ſpace of time, the D 
other according to the direction of the line AD, with a velocity that 
will carry it to the diſtance AD in the ſame time, then the body wili 
deſcribe the diagonal AC, and at the end of that time will be found 


8 in the point C. 

- The ſetting and drifts of the moſt remarkable tides and currents 
| are pretty well known, but if in unknown currents, the uſual way to 
: find the ſetting and drift is thus : 

Let three or four men take a boat alittle way from the ſhip, and 


by a rope faſtened to the boat's ſtern, let down an heavy iron pot, or 
loaded kettle, into the ſea, to the depth of 80 or 100 fathoms when 
7 it can be, whereby the boat will ride almoſt as ſteady as at anchor, 
then heave the log, and the number of knots run out in half a minute 
will give the miles which the current runs per hour, and the bearing 
of the log ſhews the ſetting of the current, 


EXAMPLE. I. 


If a ſhip ſails. 98 miles N. E. by N. in a current that ſets S. by W. 
27 miles in the ſame time, What is her true courſe and diſtance ? 


CALCUL As 
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376 
EALCULATION. | 
The oppoſite point to S. by W. is N. by E. which taken from 
N. E. by N. leaves 2 points = 22? 30 between them for the < 2 
being thus given in the A A C B together with the two ſides in. 
cluding it AC, CB to find & CABand A B C, and diſtance AB 
by Axiom III. | 


98 125 As ſum of the ſides 125 2.09691 
- — — cor———s 
Dif 71 Is ta their difference 71 1.85126 
So is tang. + ſum. opp. <* 78* 45170134 
"uo $5260 
2.09691 


To tang. Z their difference 70 42 10.4 5569 


<< Bax 143 27 
<A = 7 3 
<C = 22 30 
Sum <® 180 0 


To find the Diſtance by Axiom J. 
As line <A 1 "= go T4624 


Is to CA 27 I 43125 
Soisfine< C 22* 30 9.58284 
11.01420 

9.14624 


To diſtance AB 73.78 1.86796 


EXAMPLE II. 
If a ſhip from the latitude 3840 fails N. N. E. 40, then N. N. E. 
by E. 36 miles, in a current that ſets 8. E. by S. 20 miles, in the 
ſame time that the ſhip ſails 40 miles; I demand the diſtance from 
her firſt place, and alſo the latitude the ſhip is in ? 
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CONSTRUCTION. 


Having drawn the compaſs, draw the N. N. E. courſe equal to 
40 miles, to the end of which join the N. E. by E. line, and ſet off 
thereon 36 from the ſame ſcale, from the end of the laſt N. E. by E. 
line ſet off the diſtance the current's drift, viz. S. E. by S. 38 miles, 
that is; as 40 the ſtern of the ſhip is to 20 the run of the current, ſo is 

b the whole run of the ſhip to 38 the drift of the current, then to the 
end of that line to the ſhip's rt place, will be the · diſtance, and 
the < * meaſured will be the ſhip's courſe, and a line let fall 
from this laſt point on the parallel of the ſhip's firſt place, will give 
on that parallel the departure from her firſt meridian. 

This may be done by calculation, but that being tedious we ſhall 
omit it, and ſhew how it may be done by a traverſe, in which we 
ſhall conſider the current as a ſingle courſe, 


. 
* 4 
—_— "00" Y 


Courſes Mites. Northing. Southing. Eaſting. Weſting. | 
N. N. E. 40] 37.0 15 3 
N. E. byE. 30 20.0 29.9 ' 
S.E.byS. 38 31.6 21.1 | i 
c | 53.0 | 31.6 66.3 , 
| 31.6 . , £4 a 
| 3 5 
As diff. lat. 25˙4 1.4048 
Is to radius 10.00000 
So is departure * 66.3 3 | 1.8215 
To tang. courſe 69 3. from N. Eaſterly | 
or nearly E. N. E E. | | 10.4668 
As ſine courſe of 69? 3 9.97030 
Is to dep. 66.3 1.82151 
So is radius ed 10 
To diſtance 70 miles. | 1.85121 


Many more quęſtiont might be added, but theſe, being well underſtood, 
are ſufficient for the ſeaman's purpoſe 3 and that the ſtudent ſhall not 
meet with any thing unneceſſary which might lead him out of the. plain 
path, I have avoided theſe things whith tend to puzzle more than in- 


prove, 
EXPLANATION 
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EXPLANATION of the PLATE deſcribing the RIGGING, &. 
of a FIRST RATE SHIP of WAR. 


1 BOWSPRIT 

2 Yard and fail 

3 Gammoning 

4 Horſe 

5 Bobſta 

6 Sprfiſail ſheets 

7 Pendants 

$ Braces and pendants 
9 Halyards 

10 Lifft 

11 Clewlines 

12 Spritſail horſes 

13 Buntlines 

14 Standing liffts 

15 Spritſail tops 

16 Flying jibboom 

17 Flying jib, ſtay, and fails 
18 Halyards 

19 Sheets 

20 Horſes 
21SPRIT-SAILTOP-MAST 
22 Shrouds 

23 Yard and {ail 

24 Sheets 

25 Liffts 

26 Braces and pendants 
27 Cap 


31 FORE-MAST 
32 Runner and tackle 
33 Shrouds 
34 Lanyards 
35 Stay and lanyard 
36 Preventer ſtay and lanyard 
37 Woolding the maſt 
35 Yard and ail 
39 Horſes 
40 Top 
41 Crowfogt 
4 eers 
ard-tackles 
— Liffts 
45 Braces and pendants 
45 Sheets 
47 Fore tacks 
48 Bowlines and brides 
49 Fore buntlines - | 
50 Fore leechlines 
51 Fore top-ro 
52 Puttock muede 
51 FORE TOP-MAST 
54 Shrouds and lanyards 
55 Yard and fail 
$6 Stay and fail 
57 Runner 
58 Backſtays 
59 Halyards 
6 Lifts, © - 
6! Braces and pendants 
62 Horſes 


67 Clewlines 
64 Bewlines and bridles 


65 Reef-tackles 
66 Sheets 
67 Buntlines 
65 Crofstrees 
69 Cap 
70 FORETOP GAL. MAST 
71 Shrouds and lanyards 
72 Yard and fail 
73 Backſtays 
74 Stay 
75 Liffts 
76 Clewlines 
77 Braces and pendants 
78 Bowlines and bridles 
79 Flag- ſtaff 
80 Truck 
81 Flag- ſtaff ſtay 
82 Flag Lord Hizh-Admiral 
S MAIN-MAST 
84 Shiouds 
85 Lanyards 
86 Runner and tackle 
$7 Pendant of the gornet 
88 Guy of ditto 
89 Fall of ditto 
90 Stay 
91 Preventer ſtay 
92 Stay-tackle 
93 Woolding the maſt 
94 Jeers 
9 $ ard tackles 
Liffts 
97 Braces and peadants 
98 Horſes 
99 Sheets 
ico Tacks 
101 Bowlines and bridles 
1c2 Crowfoot 
103 Top-rope 
104 Top 
105 Buntlines 
106 Leechlines 
107 Vud and fail 
108 MAIN TOP-MAST 
109 Shrouds and lanyard 
110 Yard and fail 
111 Puttock ſhrouds 
112 Backſtays 
113 Stay 
114 Stayſail & tay & halyard 
115 Runners 
116 Halyards 
117 Liffts 
118 Clewlines 
119 Braces and pendants 
120 Horſes 
121 Sheets 


122 Bowlines and bridles 


123 Buatlines 


— Reef · t cles 
Croſstrees ", 
Caps 


— MAINTOP Ur 


128 Shrouds and bYlyards 


129 Yard and ſail 
13s 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
I51 


Stayfail and hal 
Liffts 
Braces and pendants 
Bowlines and bridlos 
Clewlines 
Flag-ſtaff 

Truck 

Flag-ſtaff ſtay 

Flag ſtandard 
MIZEN MAST 
Shrouds and lanyardy 
Pendants and burtons 
Yard and ſail 
Crowfoot 

Sheet 

Pendant lines 
Peekbrails 

Stayſail 

Stay 

Derrick and ſpann 
152 Top 

153 Crofs-jack yard 

154 Croſs jack lifts 

155 Croſs-jack braces 
156 Croſs-jack ſlings 
i157 MIZEN TOP-MAST 
158 Shrouds and lanyards 
159 Yard and ſail 

160 Backſtays 

127 Stay 

162 Halyards 

163 Liffts 

164 Braces and pendant 
i65 Bowlines and bridles 
166 Sheets 

167 Clewlines 


1168 Stayſail 


169 Croſstrees 

170 Cap 

171 Flag-ftaff 

(72 Flig-ſtaff tay 

173 Truck 

174 Flag union 

195 Enfign ſtaff 
Truck 

177 Enfign 

178 Poop ladder 

179 Bower cable 


HU LI. 


A Cat-head 

B Fore channels 

C Main channels y 
D Mizen channel 

E Entering-port 

F Hauſe-holes 

G Poop lanthorns 

H Cheſstrees 

I Head 


K Stern 


2 . « 
« N 1 
2 — — n 
L _ 8 


— — —— —_— _ 
a wid — — * 
TP — — 8 * 
— . DS \ 
= s os _—_ 


"_ 


* 
ml 
10 


—— 
1 


_— —— =o 


* 
* 
— . on ad — 
Pen GS 1 
— — ͤ vU— 
— 


Bos 


. 
10 


— — — * 
2 


223 —ͤ ́vIĩYIY 


N 


— 2 
22 


3 
2 


— —— 
— - == —— 


ger 
*MFAL A LEVY L8H Fo» 


Wi 
| | 
vl 


0 
if lh 
i | 1 


— 
1 * 
- 
* N | 
3 4 93 5 
Þ * . . * | 
o 4 F 
o T” a | 
. 5 pe * . 
. — 
* 
* | 
q 


" 


E 


[Though the following may be thought uſeleſs to Seamen, it may not be to many 
Teachers and Learners, as there are excellent Mathematicians who, on ac+ 


count of their being far diſtaut from any Sca- port, are at a toſs forthe Terms 
made uſe of at Sea. 


Ax EXPLANATION or SEA TERMS. 


AT, or Abaft, The ſternmoſt part of the ſhip: carry aft any thing; 

that is, carry towards the ſtern, The maſt rakes aft, that is, hangs to- 

wards the ftern, How chear ye fore and aft? That is, how fares all the 
ſhip's company ? 

Amain. The old term for yield, uſed by men of war to an enemy; but 
it now ſignifies any thing done ſuddenly, or at once, by a number of 
men. 

Aut. Over head, or above, 

Anchor, The inſtrument by which a ſhip is held. The anchor is foul ; 
that is, the cable is got about the fluke of the anchor; The anchor is a 
peek : that is, directly under the hawſe-hole of the ſhip. The anchor is 
a cock-bill, that is, hangs up and down the ſhip's fide. 

Auring. A ſhelter or ſcreen of canvas, ſpread over the decks of a ſhip to 
keep off the heat of the ſun, Spread the awning, extend it ſo as to covet 
the deck. Furl the awning, that is, roll it up, 

Alf, is diſtance, Keep alovf, that is, keep at a diſtance, 

Avaſt, A term uſed for ſtop, or ſtay; as, avaſt heaving, don't heave any 
more. 

Athwart. Acroſs. 

Bale, Bale the boat; that is, to lade or throw the water out of her. 

Ballaſt, is either pigs of iron, ſtones, or gravel, which laſt is called ſhingle 
vallaſt; and their uſe is to bring the ſhip down to her bearings in the 
water, which her proviſions and ſtores will not do. Trim the ballaſt, that 
is, ſpread it about, and lay it even, The ballaſt ſhoots, that is, it fhifts, 
or runs over from one ſide of the hold to the other. 

Barge, A carvel-built boat, that rows with ten or twelve oars. 

Bearing, ſignifies the point of the compaſs which any two or mote places 
bear from each other, or how any place bears from the ſhip by the com- 
paſs; or it may be ſaid to bear on the beam, abaft the beam, on the bow, 
the head or ſtern, &c. » h 

Bearings of a ſhip, is that line which is formed by the water upon her ſides 
when ſhe is at anchor, with her proportion of ballaſt, and ſtores on board. 
To bear to, is to ſail into an harbour, &c. Bear round up; that is, put 
right before the wind, Bring your guns to bear, is to point them on 
to the object. 

Bearing=up, or Bearing away. The aft of changing the courſe of a ſhip, 
in order to make her run before the wind, after the had ſailed ſome time 
with a fide wind, or cloſe hauled: it is generally petformed to arrive at 
ſome port under the lee, or to avoid ſome imminent danger occaſioned 
by a violent ſtorm, leak, or enemy in fight. This phraſe, which js abs 
ſurd enough, ſeems to have been derived from the motion of the helm 
by which this effect is produced; as: the helm is then borne up to the 
windward or weather fide of the ſhip. Otherwiſe it is a direct contra- 
diction in terms, to ſay that a ſhip bears vp, when ſhe goes before the 


wind; ſince the current of the wind, as well as that of a river, is always 
N n undet⸗ 
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underſtood to determine the ſituation of objects or places within is limit, 
In the firſt ſenſe we ſay, up to windward and down to leeward ; as in the 
latter we ſay, up or down the river. This expreſſion, however, although 
extremely improper, is commonly adopted in the general inſtructions 
of our navy, printed by authority, inſtead of bearing down, or bearing 
away. 

Belay. To make faſt any running rope; as, belay the main brace, or make 
it faſt, 

Bend. To apply to, and faſten ; as, bend the fails, apply them to the yards, 
and faſten them; unbend the fails, that is, caſt them off, and take thein 
from the yards; her fails are unbent, ſhe has none fixed; bend the cable, 
make it faſt to the anchor, 


Birth. A place; as the ſhip's birth, the place where ſhe is moored ; an off. 


cer's birth, his place in the ſhip to eat or ſleep in; birth the ſhip's com. 
pany, that is, allot them their places to — in; birth the hammocks, 
point out where each man's hammock is to hang. 

Bight of a rope. Any part between the two ends, Bight, a narrow inlet 
of the ſea. 

Bilge. To break. The ſhip is bilged, that is, her planks are broken in by 
violence, | 

Binnact:, A kind of box to contain the compaſſes in upon deck. 

Bitis. Very large pieces of timber in the fore part of a ſhip, round which 
the cables are faſtened when the ſhip is at anchor. After bitts, a ſmalle 
kind of bitts upon the quarter deck, for belaying the runniog rigging 
to, 

Bonnet of a ſail. Is an additional piece of canvas put to the ſail in mode. 
rate weather to hold more wind. Lace on the bonnet, that is, faſten it to 
the ſail. Shake off the bonnet, take it off. 

Beard. To board a ſhip, is to enter it in an hoſtile manner by force, 

Board and Board, is when two ſhips touch each other, To make a board, 
is making a ſtretch upon any tack, when a ſhip is working upon a 
wind, To board it up, that is, to turn to windward. The ſhip has 
made a ſtern-board, that is, when ſhe loſes ground in working upon a 
wind, 

Break-bulk. To open the hold and take goods thereout. 

Batten. A thin piece of wood. Batten down the hatches, is to lay batters 
upon the tarpaulins, which are over the hatches in bad weather, nail them 
down, that they may not be waſhed off. | 

Buey. A floating conical caſk, moored upon ſhoals, to ſhew where the danger 


is; alſo uſed to anchors to ſhew where they lie, in cafe of the cable 


breaking. 


Block, A piece of wood with runnirg ſheaves or wheels in it, through 


which the running rigging is paſſed, to add to the purchaſe. ; 

Braces, The ropes by which the yards are turned about to form the fails 
to the wind. 

Brwſprit. A large maſt or piece of timber which ſtands out from the bows 
of a ſhip, 

Bulk-head. A partition. p 

Bolt-rope. The rope which goes round a ſail, and to which the canvas 13 
ſewed. 

Bow-lines. Lines made faſt to the ſides of the ſails to haul them forward 
when upon a wind, which being hauled tort, enables the ſhip to come 
r.carer to the wind. 5 


Bunt- lines, 
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Juni inet. Lines that come down from the top of the maſt to the heam of 
the outſide of the fail, and by which the bunt or belly of the ſail is haul-d 
up outwards. 

Braach-to. Is when a ſhip on a ſudden lays her broadſide to the ſea, and is 
dangerous in bad is: 

Chace, A purſuit. To chace, to purſue. The chace, the veſſel purſued. 

Careening. To bring a ſhip down on one fide, ſo as to get at the other fide 
to repair or clean 1t. 

Caulling. Filling the ſeams of a ſhip with onkum. 

Cn. To direct, To cun a ſhip, is to dire the man at the helm how to 


ſteer, 


Curſe. The point of the compaſs upon which the ſhip ſails. Courſes, a. 


ſhip's lower ſails; as the fore-ſail is the fore courſe, the min ſail the 
main courſe, &c, Ihe ſhip is under her courles, that is, bas no ſail fer 
but the main-ſail, fore-ſail, and mizen. 

Coxſwain. The perſon who ſteers the boat, 

Come no near. Is ſaid by the man at the cyn when the ſhip is upon a wind, 
and is coming too near the wind. 

Chains. A place built on the ſides of the ſhip projecting out, and at which 
the ſurouds are faſtened, for the purpoſe of giving them a greater angle 
than they could have if faſtened to the ſhip's fide, and ot courſe giving 
them greater power to ſecure the maſt. 

Chain-p/ates, ate plates of iron faſtened to the ſhip's ſides under the chains, 
and to theſe plates the dead eyes are faſtened by other plates. 

Catan. An inſtrument by which the anchor is weighed out of the ground, 
it being a great mechanical power, and is uſed for ſetting up the ſhrouds, 
and other work where great purchaſes are required. 

Cat-heads, The timbers on ſhip- bows, with ſheaves in them, by which the 
anchor is purchaſed from the hau ſe, and to which it is ſecured to the ſhip's 
fide. 

Cajfiſe, Overturn, The boat capſiſed, that is, overſet. Capſiſe the quoil 
of rope, that is, turn it over. 

Call, A ſilver pipe uſed by the boatſwain and his mates when on duty, 

Clew. To haul up the fails by the cle - lines. 

Clew-lines, are ropes which come down from the maſts to the lower corners 
of the ſails, and by which the corners or clews of the fails are hauled 
up. 

3 is a number of ſmall lines ſpread from the fore parts of the tops, 
by means of the piece of wood through which they paſs, and being hauled 
taut upon the ſtays, they prevent the foot of the top fails catching upon 
the top rim; they are alſo uſed to ſuſpend the awnings, 

Crank, The ſhip is crank, that is, ſhe has not a futncient cargo or ballaſt to 
render her capable of bearing fail, without being expoſed to the danger of 
overſetting. 

Dead. æuater. The eddie- water at the ſtern of a ſhi». 

Deuce. To ſtrike or haul down; as, duuce the top gallant fails, that is, 
lower them, 

Dunnage. A quantity of looſe wood, &c. laid at the bottom of a ſhip, to keep 
the goods from being damaged. 

Dig-vane, A ſmall vane with feathers and cork, and placed on the ſhip's 
quarter for the men at the cun and helm, to fee the cuurle of the wind 


by. 
N nz Dog-watch, 
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Dog-wwatch. The watches from four to fix, and from fix to eight in the 
evening. | 

Diſpart. * piece of ordnance to find the difference of the diameters betwiz: 
the breach and the mouth of the cannon, 

Dead lights. A kind of window-ſhutter for the windows in the fern of 2 
ſhip, uſed in very bad weather only. 

Dead wind. Ihe wind right againſt the ſhip, or blowing from the rery 
point to which ſhe wants to go. 

Dead _ Blocks of wood through which the lanyards of the ſhronds ace 
recyed. 

Driver. A large fail ſet upon the mizen yards in light winds. 

Drive. Ihe ſhip drives, that is, her anchor comes through the ground, 

Down hall. The rope by which any fail is hauled down; as the jibb down 
haul. 

Enjign. The flag worn at the ſtern of a ſhip, 

Engagement. Action or fight. 

Entering port. A large port in the ſides of three - deckers leading into the 
middle deck, to ſave the trouble of going up the ſhip's fide to get on 
board. b 

End for end. A term uſed when a rope runs all out a block, and is unreeved; 
or in coming to an anchor, if the ſtoppers are not well put on, and the 
cable runs all out, it is {aid to have gone out end for end. 

Elb:av, in the hawſe. Is when a ſhip being moored, has gone round upon 
the ſhifting ot the tides, twice the wrong way, ſo as to lay the cables one 
over the other: having gone once wrong, ſhe makes a croſs in the hawle, 
and going three times wrong, ſhe makes a round turn. 

 Fathim. A meaſure of fix feet. . 

Fack, or Fake. One circle of any rope or cable quoiled. 

Furl the ſail, Wrap it up cloſe, and bind it upon the yard. 

Fig. A large piece of wood. Fiſh the maſt, apply a large piece of wood to 
it to ſtrengthen it. 

Flag. A general name for colours worn and uſed by ſhips of war. 

Fall. To fall to leeward, or a-ftern. | 

Forewward. To the fore part of the ſhip. 

Forecaſtle. The upper deck in the fore part of the ſhip. 

Fr:/ben the Ballaſt. Diviie or ſeparate it. 

Fid. A quatre bar of wood or iron, with ſhoulders at one end; it is u{cd 
to ſupport the weight of the top-maſt, when erected at the head of a 
lower-maſt. | 

Fid tor ſplicing. A large piece of wood of a conical figure, uſed to extend 
the ſtrands and layers of cables in ſplicing, 

Forereach, To ſhoot a-head, or go paſt another veſlel, 

F;/ hook, A large hook by which the anchor is received from under the 
hawſe, and brought to the cat-head: and the tackle which is uſcd to: 
this purpoſe is called the fiſn- tac k le. 

Gage of the ſhip. Her depth of water, or what water ſhe draws, 

Greave. To burn off the 3:!th trom her bottom. 

Grife of a ſhip, That thin part of her which is under counter; and to 
which the flern-poſt joins, Ihe ſhip gripes, that is, turns her head too 
much to the wgnd. | 

Ground-tier. That is, the tier of water-caſks which is lowel! in the hold, 
and is among the ſhingle ballaſt, | 
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Graund-tackle. Is cables, anchors, grapenels, hawſers, &c. 

Gratpling-iron. A thing in the nature of an anchor, with four or ſix flukes 

it. 

Ne the bowſprit. Secure it by turns of a ſtrong rope paſſed round it, 

and into the catwater, to prevent it from having too much motion. 

Girt, The ſhip is girt with her cables when ſhe is too tight moored. 

Gun-room. A diviſion of the lower deck abaft, incloſed with net-work, for 
the uſe of the gunner and junior lieutenant, and in which their cabins 
ſtand. 

Cumel. The large timber that runs along upon the upper part of a ſhip's 
ſide. 

Gaſtet. The rope which 1s paſſed round the ſail to bind it to the yard when 
it is furled. | 

Crummet. A piece of rope laid into a circular form, and uſed for large 
boats oars, inſtead of rowlocks, and alſo for many other purpoſes. 

Helm, The inftrument by which the ſhip is ſteered, and includes both the 
wheel and the tiller, as one general term, 

Helm's a lee. That is, the tiller is quite down to leeward, 

Hard a-weather, Put the tiller quite ap to windward. 

Haul. Pull. 

Heave the capſlan. That is, turn it round with the bars, 

Heave handſomely, Heave gently or leiſurely. 

Have hearty, Heave ſtrong and quick. 

Heave of the fan, is the power that the ſwell of the ſea has upon a ſhip in 
driving her out, or taſter on, in her courſe, and for which allowance is 
made in the day's work, 

Hail, To call to another ſhip. 

Halyards, The ropes by which the fails are hoiſted, as the topſail halyards, 
the jibb halyards, &c. 

Hawſe-holes, The holes in the bows of the ſhip through which the cables 
paſs, Frefher hawſe, veer out more cable, Clap a fervice in the hawſe, 
put ſomewhat round the cable in the hawſe-hole to prevent its chafing, 
To clear hawſe, is to untwiſt the cables where a ſhip is moored, and has 
got a foul hawſe. Athwart hawſe is to be acroſs or before another ſhip's 
head, 

Hauſer. A (mall kind of cable. 

Hitch, To make faſt. 

Hit. To hawl, ſway, or lift up. 

[{::/, or ineline. She heels to port, that is, inclines or lays down upon 
her larboard or left fide. 

Hold, is the ſpace between the lower deck and the bottom of a ſhip, and 
where her ſtores, &c. lie. To ſtow the hold, is to place the things in it, 

Hull of the ſhip. The body of it. To lay a huH, is to lay to, with only 
a ſmall fail in a gale of wind. To hull a veſſel, is to fire a ſhot into any 
part of her hull. 

Hull. dun, is when a ſhip is ſo far off, that you can only ſce her maſts. 

Hult. A ſhip without maſts or rigging ; alſo a veſſel to remove matts into 
— of ſhips by means of ſheers, from whence they ate called ſheer 

ulks. 

Jeer blocts. The blocks through which jeers are drove, 

Jeers. The ropes by which the lower yards are ſuſpended. 

follz-baat, A ſmall boat, | 
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ib), The foremoſt fail of a ſhip, ſet upon a boom which runs out fron 
the bowſprit, 

Jib-boom. A ſpar that runs out upon the bowſprit, 

Junk, Old cable, or old rope. 

Knot, ſignifies a mile. 

Keel-hanl, "Vo drag a perſon backwards and forwards under a ſhip's keel 
for certain offences. This practice is now laid aſide in the Britiſh Navy, 
but is uſe by other powers. ; 

Knippers, A large kind of plated rope, which being twiſted round the mel. 
ſenger and cable in weighing, bind them together. 

Log, and Log line, by which the ſhip's path is meaſured, and her rate of 
going aſcertained. Log-board, on which is marked the tranſactions of the 

ip, and from thence it is copied into the log- book every twelve hours, 

Larbaard. Left; as, larboard ſide, left fide. 

Labours, That is, the ſhip rolls and tumbles much. 

Landfall. The diſcovery of the land. 

Land- lac d. Sheltered all round by the land, fo that there is no view of 
the ſea. 

Laſh, To bind. 

Lanch-ho, ſignifirs high enough, or avaſt. 

Lee-ward, With the wind, or towards the point to which the wind blows, 

Lee /hare, is that upon or againſt which the wind blows. 

Luff, or Loofe, ſignifies come nearer to the wind, or bring the ſhip's head 
up more to windward, 

Li. Incline. The ſhip has a lift to port, that is, ſhe heels to the larboard, 

Lanyard; of the ſhrouds, are the {mall ropes at the ends of them, by which 
they are hove taught, or tight. 

Lifts. The ropes which come to the ends of the yards from the maſt- heads, 
and by which the yards are toſſed up and down. 

Maß. The upriyht timber or trees on which the yards and fails are ſet. 

Mixen maſt. The maſt which ſtands abaft, and from which its rigging and 
ſails are named; as of the ſails, mizen, mizen-top-ſail, &c. and ſo alſo 
are the other ſails, &c. named from the other maſts, 

Meer, is to ſecure a ſhip with two anchors, 

Mend the ſervice, Put on more ſervice, 

Mouſe. A kind of ball or knob, wrought upon the collar of the ſtays, 

Maſter, To aſſemble. 

Meſſenger. A ſmall kind of cable, which being brought to the capſtan, 
and the cable by which the ſhip rides made faſt to it, it purchaſes the 
anchor. ö 

Nan-buoy. The kind of buoys uſed by ſhips of war. 

Neap-tides, The tides in the firſt and laſt quarter of the moon, and are not 
either ſo high, ſo low, or ſo rapid, as ſpring tides. A ſhip is ſaid to be 
beneaped, when ſhe has not water enough to take her off the ground, or 
over the bar, &c. 38 

Nething-off. A term uſed by the man at the cun to the ſteerſman, directing 
him not to go from the wind, 

Narrows, A ſinall paſſage between two lands. : 

Offing. To ſeaward from the land. A ſhip is in the offing, that is, ſhe is 
to ſeaward, at a diſtance from the land, She ftands for the offing, that 


; the ſea, 
is, towards the ſea. Over- board. 
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Over-board, Out of the ſhip ; as, he fell over-board, meaning, he fell out 
of, or from the ſhip. 

On board. Within the ſhip ; as, he is come on board, 

Oalum. Old rope untwiſted and pulled open. 

Orlep, The deck on which the cables are ſtowed. 

Overhaul, To clear away and diſentangle any rope; alſo to come up with 
the chaſe: as, we overhaul her, that is, we gain ground of her. 

Pay the ſeams, That is, to pour hot pitch and tar upon the ſeams after 
caulking. 

A. To purchaſe the anchor, is to looſen it out of the ground. 

Peck, To ride a ftay-peck, is when the cable and the fore- ſtay form a line. 
To ride a ſhoxt peck, is when the cable is ſo much in as to deſtroy the 
line formed by the ſtay-peck, To ride with the yards a peck, is to have 
them topped up by contrary lifts, ſo as to repreſent a St. Andrew's croſs. 

Parts, The holes in the ſhip's ſides from which the guns are fired. 

Pudding and dolphin. A large and leſſer pad made of ropes, and put round 
the maſts under the lower yards. | 

Pay cut the cable, That is, ſhove it out at the hawſe holes. 

Pendant. The long narrow flag worn at the maſt head by all ſhips of the 
royal navy. Brace pendants are thoſe ropes which ſecure the brace-blocks 
to the yard-arms, and are always double, in caſe of one being ſhot away, 
the other may ſecure the yards in their proper poſition. | 

Parcel a rope, Is to put a quantity of old canvas round it before the ſer- 
vice is put on. | 

Parcel a ſeam. Is to lay a narrow piece of canvas over it after it is caulked, 
before it is payed. | 

Fort. Uſed tor larboard, or the left fide; alſo a harbour or haven. 

Points, A number of plaited ropes made faſt to the ſails for the purpoſe of 
reeſing. 

il, is a rope or cable laid up round, one feke over another. 

Ynarters, The reſpeRive ſtations of the officers and people in time of 
action. Quartering, diſtributing the men into different places. Quarter 
bill, the liſt of the ſhip's company, with their ſtations for action noticed. 

NVarter. auind, is when the wind blows in abaft the main ſhrouds. 

Reeve, Jo reeve a rope, is to put it through a block, and to unreeve it, 
is to take it out of the block. 

Riwfe in the cable. Haul it in, and make it taught, or tight, 

Reach of a river. The diſtance between any two points of land that lie in 
a right line from each other. 

Ride at anchor, is when a ſhip is held by her anchors, and 1s not driven by 
wind or tide, To ride athwart, is to ride with the ſhip's fide to the 
tide. To ride hau ſe fallen, is when the water breaks into the hawſe in 
a rough ſea, 

Raad. A place near the land where ſhips may anchor, but which is not 
ſheltered. 

Rounding. Oy ropes uſed to pnt in between the layers of the cable before 
it is ſewed. 

* The ſmall ropes faſtened to the ſhcougs, by which the men go 

' aloft, 

Rether, or Rudder, The machine by which the ſhip is ſt-ered. 

Nullacl. The nitch in a boat's fide, in which the oars are uſed. 

Hrile. A term for yield, or ſurrender, uſed to an enemy. 

8$ lice, 
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Splice, To make two ends of ropes faſt together by untwiſting them 
then putting the ſtrands of one piece with the ſtrands of the other. 

Serve, To wind ſomething about a rope to prevent it from chafn 
fretting. The ſervice is the thing ſo wound about the rope. 

Scaxe. 'To bind or make faſt. 

$he ſands, or ſends, When the ſhip's head or ſtern falls deep in the trough 
of the ſea. 

Settle, To lower; as, ſettle the top-ſail halyards, lower them. 

Sound, To try the depth of water; alſo a deep bay. 

Sheer. The ſheer of the ſhip is the curve that is between the head and tie 
ſtern, upon her fide, "The ſhip ſheers about, that is, ſhe goes in and out. 

Sheers, are ſpars laſhed together, and raiſed up for the purpoſe of getting 
out or in a maſt, 4 

Scudd. To go right before the wind; and going in this direction without 
any fail ſet is called ſpooning. 

Steewe. Nan up. The bo ſprit ſteeves too much, that is, it is to9 
upright, 

. are the tides at new and full moon, which flow higheſt and 
ebb loweſt. 

Spilling- lines, are ropes contrived to keep the ſails from being blown away 
when they are clewed up, in blowing weather, 

Starboard, The right fide. 

Spar-/>ces, are large pieces of timber which come abaft the pump well. 

Spurling-line, is a line that goes round a ſmall barrel, abaft the barrel of the 
wheel, aud coming to the front beam of the poop deck, moves the tell 
tale with the turning of the wheel, and keeps it always in ſuch poſition az 

co ſhew the poſition of the tiller, 

Speer the pump. The handle of an hand-pump. 

Steady, A term uſed by the man at the cun to the ſteerſman, when ſailing 
betore the wind, to keep her. as ſhe goes. 

Swvay away, Holt. | 

Stretch out. A term uſed to men in a boat when they ſhould pull ſtrong. 

Swabb. A kind of large mop made of junk to clean a ſhip's deck with, 

Sinnett. A (mall platted rope, made from rope yarns. 

Stem. She does not ſtem the tice ; that is, ſhe does not go through it, or 
cannot make head agaiuſt it, for want of wind. 

Sued or Sewwed, When a ſhip is on ſhore, and the water leaves her, ſhe is 
ſaid to be ſued: if the water leaves her two feet, ſhe ſues, or is ſued two 
feet. | 

Stays. Large ropes coming from the maſt heads down before the maſts, to 
prevent them from ſpringing, when the ſhip is ſending deep. 

Spring-Stazs, are rather ſmaller than the ſtays, and placed above them, and 
intended to anſwer the purpoſe of the ſtay, it it ſhould be ſhot away, &c. 

Spring. To break; as to ſpring a maſt or yard, is to ſplit or break it. 

Shank-painter. The rope by which the ſhank of the anchor is held up to 
the ſhip's ſide; is alſo made faſt to a piece of iron chain, in which the 
ſhank of the anchor lodges. 

Stoppers. Large kind of ropes, which being faſtened to the cable in different 
places abaft the bitts, are an additional ſecurity to the ſhip at anchor. 

Taik, Jo go about. 
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Frey ſail, A ſmall ſail uſed by cutters and brigs in blowing weather, 

TolLtale, An inftrument which traverſes upon an ipdex in the front of 
the poop deck, to ſhew the poſition of the tiller. 

Traverſe, To go backwards and forwards, 

Tillkr, A large piece of wood, or beam, put into the head of the rudder, 
and by means of which the rudder is moved, 

Tort, or 7aut, ſignifies tight. 

Trice, trice up. To haul up and faſten, 

Tarpaulin. A cloth of canvas covered with tar and ſaw. duſt, or ſome othet 
compoſition, ſo as to make ir water proof, 

Tide gate. A place where the tide runs ſtrong, 

Tiae it up, To go with the tide againſt the wind, 

Tow, To drag, The ſhip tows her boats, that is, drags or draws them 
after her. 

Truck, A round piece of wood put upon the top of flag-ſtaves, with ſheaves 
on each fide for the halyards of the flags to reeve in. | 

gur. A row; as a tier of guns, a tier of caſks, a tier of ſhips, &c. 

Trunions of a gun, are the arms or pieces of iron by which it hangs on the 
carriage. 

ho or Tomkins, The bung, or piece of wood, by which the mouth 
of the cannon is filled to keep out wet. 

Truck of a gun carriage, is the wheel upon which it runs, 

Uvrou, The piece of wood by which the legs of the crow. foot are ex. 
tended, 

Usfurl, Caſt looſe the gaſket of the ſail, 

Uabend. Caſt off the ſail from the yard. 

Under way, When a ſhip is ſailing, ſhe is ſaid to be under way. 

Yer. Let out, as veer away the cable. 

Veer, or wear the ſhip. That is, put her about with her head to leeward, 
the contrary way to tacking, 

Ver. Shift, The wind veers, that is, it ſhifts or changes. 

Vil, or Yayol, A block through which the meſſenger paſſes in weighing 
the anchor. A large meſſenger is called a viol. 

Vane, A ſmall kind of flag worn at each maſt head. 

Wake, The path or track impreſſed on the water by the ſhip's paſſing 
through it, leaving a ſmoothneſs in the ſea behind it. A ſhip is ſaid to 
come into the wake of another when ſhe follows her in the ſame track, 
and is chiefly done in bringing ſhips to, or in forming the line of battle, 

Weather, To weather any thing, is to go to windward of it, 

ales, are ſtrong timbers that go round a ſhip a little above her water. 
line, 

Mater. line. The line made by the water's edge when a ſhip has her full 
proportion of ſtores, &c. on board. 

Warp. To warp a ſhip is to draw her againſt the wind, &c. by means of 
anchors and. hawſers carried out, 

Warp. A hawſer, or ſmall cable. 

Would. To would is to bind round with ropes, as the maſt is woulded, 

Wrigh. To haul up, as weigh the anchor. ; 

Yaws, The ſhip yaws, that is, goes in and out, not ſteady, 

Yards,” The timbers upon which the ſails are ſpread, 
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The following Queſtions and Anſwers are recommended to the Pey,\,; 
of young Gentlemen belonging to the Sea, in order to refreſh tha, 
Memories, previous to that Examination which they mu? paſs th rough, 

es . . f "ts m 
before they are appointed to a Commiſſion in the Royal Navy, or an 
Officer in the Eaſt India Service; as it is probable ſimilar 1145 ma; 


be aſked by thoſe appointed tz examine them, at the Navy Office and 
the Eaſt- India Houſe. 


Qt. LI OW do you find the golden number? 8 
4. I add one to the given year, and divide the ſum by 19, the 
remainder will be the golden number. 

Q. How do you find the epact for any year? 

A. By dividing the given year by 19, and multiplying the reminder by 
11, the product will be the epact, if it does nor exceed 30; but if it does, 
I ſubtract 30 from it as often as I can, and the remainder will be the epatt. 

Q. How do you find the moon's age? 

A. To the epact I add the day of the month, and the number of the 
month; their ſum will be the moon's age, if it does not exceed zo; but if 
5 does, I ſubtraRt 30 from it as often as I can, and the remainder will be 

er age. 

2. How do you find the moon's ſouthing, or the time of her coming to 
the meridian ? 

A, I multiply the moon's age by 48, and divide the product by 69; 
the quotient will be the hours, and the remainder the minutes when ſhe 
is on the meridian paſt noon: Or, I may multiply the moon's age by 4, 
and divide the product by 5, the quotient will be the hours, and the re. 
mainder multiplied by 12 will be the minutes when ſhe ſouths, or is on 
the meridian, in the afternoon : Bur it this time ſhould exceed 12, I fub- 
tract 12 from it, and the remainder will be the time of her ſouthing in the 
 morgng. 

2. How do you find the time of high water a: any place? 

A. To the moon's ſouthing on the given day, I add the time of high 
water, full and change, at the given place, and the ſum will be the time 
of high water there in the afternoon ; but if this time ſhould exceed 12, 
I ſubtract 12 from it, and the remainder will be the time of high water in 
the morning; and if it exceeds 24, 1 ſubtract 24 from it, and the remain- 
der will be the time of high water in the aftetnoon“. 

9. Suppoſe that you go into an harbour, and find by your watch that 


it is high water at any hour of the day; by what means do you find tie . 


times when it is high water on full and change days in that place? 

A. I find the time of the moon's ſouthing on that day, and ſubtract it 
from the time of high water at the given place, if I can, and that will be 
the time of high water. If I cannot, I add 12 to it, and then ſubtract the 
above time; the remainder will be the time of ligh water at the given 
place, oo full and chenge days. 


The time of high water is found more correct by the tables, fee page 741+ 
I Q. How 
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9. How do you find the zenith diſtance of any object? 

I. By correcting the altitude for the dip, refraftion and ſemidiameter, 
and then ſubtracting it from go®, the remainder will be the zenith diſtance, 
which will be cither north or ſouth, according as the object bears of me. 

9, Suppoſe the zenith diſtance 109 north, and the declination 20® north, 
what latitude are you in, and of what name? 

A. Ten degrees north. 

L. The ſun is in your zenith, what latitude are you in? 

A, The ſame as the declination is, whether north or ſouth, 

92, Your zenith diſtance is 20® north, and your declination is 20® north, 
what latitude are you in ? 

4. Upon the equator, and conſequently in no latitude. 

9, Suppoſe that your zenith diſtance is 50“ ſouth, and the declination 
10 north, what latitude are you in? 

A. Sixty degrees north. 

9. Suppoſe your zenith diftance be 45 north, and the declination 155 
ſouth, what latitude are you in? 

A. Sixty degrees ſouth, 

2. Suppoſe your zenith diſtance is 45 north, and the declination 159 
north, what latitude are you in? 

A. Thirty degrees ſouth. 

9. What do you mean by the word amplitude: 

4. The true amplitude is the number of degrees that the ſun, moon, or 
ſtars, riſe and ſet, to the northward or ſouthward of the true eaſt or weſt, 
The magnetic amplitude is the number of degrees they rife or ſet to the 
northward or ſouthward of the eaſt or welt point of the compais. 

. How do you find the true amplitude? 

A. As the co- ſine of the latitude : is to the radius ; : ſo is the fine of the 
ſun or ſtar's declination : to the fine of the true amplitude. Or if the ſecant 
of the latitude be added to the fine of the ſun or ſtar's declination, the ſum 
tejecting 10 in the index) will be the log. fine of the true amplitude. 

2, But ſuppoſing the evening or morning proves cloudy, and you cannot 


| ſee the ſun or ſtar, how will you find the variation of the compals ? 


A. By an azimuth, 

L. What do you mean by an azimuth? 

A. The true azimuth is the diſtance of the ſun or ſtar from the true 
north or ſouth at every degree and minute of altitude. 

The magnetic azimuth is their diſtance, at each degree and minute of 
altitude from the north or ſouth point of the compaſs, 

L. How do you find the true azimuth? | 

A. By adding the complement of the latitude, the complement of the 
altitude, and the ſun or ſtar's polar diſtance into one ſum ; from half this 
ſum I ſubtract the polar diſtance, noting the half ſum and the remainder ; 
Then, to the arithmetical complement of the co. ſine of the latitude, I 
add the arithmetical complement of the co. ſine of the altitude; the log. fines 
of the half ſum and the remainder ; half the ſum of theſe four logarithms 
will give the co-ſine of half the true azimuth, which being doubled is the 
true azimuth, reckoned from the north in north latitude, and from the ſouth 
in ſouth latitude, 

Or, it may be found thus : 

To the log. co-ſecants of the co- latitude and altitude, add the log. fines 
of the half ſum and the remainder ; half the ſum ot theſe four logarithms 
(rejefting 20 ia the index) will be the log. co-ſine of half the true azimuth, 
as before, N 
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Lou have given the true amplitude or azimuth by calculation, 204 
the magnetic amplitude or azimuth by obſerration; how do you find tie 
variation ? 

A. By placing both the amplitudes or azimuth before me; then, if th, 
true amplitude or azimuth be to the right hand of the magnetic, or ch. 
ſerved, the variation is eaſt, but if it be to the left hand, it is weſt. 

D You have the latitude and longitude the ſhip is in, conſequently her 
place, how do you ſhape her courſe, or in other words, find her courſe and 
diſtance to any other place, whoſe latitude and longitude is known ? 

A. It may be found brief, by the tables of difference of latitude arg 
departure, but by logarithms I will ſay, 

As the meridional difference ot latitude : is to radius : : fois the diff-r. 
ence of longitude ; to the tangent of the courſe. And, 

As the co-fine of the courſe : is to the proper difterence of latitude ; ; 
ſo is radius : to the diſtance, 

D. You have the difference of latitude and departure made good in the 
24 hours, how do you find the courſe and diſtance, and the ſhip's place, 
by logarithms ? 

A. As the difference of latitude : is to radius: : ſo is the departure : 0 
the tangent of the courſe, And, 

As the co- ſine of the courſe : is to the difference of latitude : : ſo is radius : 
to the diſtance made good in the 24 hours, 

Having the latitude and longitude left, and the difference of latitude, 
I find the latitude in, and the meridional difference of latitude; I then ſay, 

As the co-ſine of the courſe : is to the meridional difference of latitude 
: ſo is the ſine of the courſe : to the difference of longitude. Or, as tlie 
proper difference of latitude ; is to the departure : : ſo is the meridionil 
difference of latitude : to the difference of longitude. Having the longi- 
tude left, and the difference, the longitude in is found by addition or (ub. 
traction, as the caſe requires, 

2, You have now the ſhip's place by calculation, how Jo you find it 
on a Mercator's Chart ? 

A. By laying a rule acroſs the Chart on the ſhip's latitude, and taking 
her longitude in my compaſſes, and ſetting one point on the meridian, by 
the ſide of the ruler, I turn the other eaſt or weſt, according as the long: 
tude is, (by the fide of the ruler) and it will point out the ſhip's luce. 

Q. You have now the ſhip's place, how do ycu find her bearing and di- 
tance to any other known place? : 

A. By laying a reler over the point where the ſhip is, and the given 
place, and with the compaſſes I take the neareſt diſtance between the ruer 
and the centre of ſome compaſs on the Chart; and ſlide the compaſles along 
the ruler, (keeping both points perpendicular to it) the fartheſt point from 
the ruler will ſhew the courſe, or bearing, between the ſhipand place, Again, 

I take the diſtance between the ſhip and place in the compaſſes, and then 
lay one point on the meridian as much below the ſhip's place, as the other 
is above the given place; that diſtance, reckoned in degrees, leagues ot 
miles on the meridian, according as it is divided, will be the diltance. 

2. You are ordered to a ſhip, ſhe is lying in dock; prepare to take her 
out of duck. 

A. I would take on board what kentledge was neceſſary, ſtream-anchor 
and cable, kedge-ar.chor, hawſer and towline, with ſome ſpare ropes 0 
guys, to keep her fair for the dock gates ; buoy and buoy ropes, for flcam 
and kedge. 

2, When your ſhip is out of dock, what is firſt to be done ? | 

| | A, I would 
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J. I would take on board the remainder of the kentledge and level the 
hold ; by laying the kentledge from the tore-part of the tore-hatchway to 
the after-part ot the after. hatchway 

9. If you are taking in bales, how would you dunnage, and which part 
of the ſhip molt ? 

4, 1 would dunnage fix inches and moſily about the well, main hatch. 
way, the wake of the chains and floor timbers, 

E. Suppoſe you have one and a half foot water in your hold, and your 
ſhip heels four ſtreaks; what dunnage ought you to have to preſerve the 
cargo? 

1 Three feet. 

2. How would you moor your ſhip at Graveſend ? 

A, I would come to with my ſmall bower, veer the ſervice into the 
hawſe, and then hang my beſt bower anchor to the long boat, and with the 
tide drop her a- ſtern: when the cable is taut, let go the anchor, firſt letting 

o the ſhank-rope, to keep the cable more taut. 

2, How would you hang the anchor to the long boat ? 

A. Take the buoy. rope over the roller (which is in the middle of the 
fern of the long boat), bring the bight round the main thwart, cockbill 
the anchor, hook the cat to the anchor, and lower away, until the flukes of 
the anchor are clear of the boat's bottom, then make faſt the buoy-rope, have 
a ſhank-rope through the ring, (which is at the boat's ſtern-poſt) paſs it 
round the ſhank of the anchor, make it faſt to the after thwart, lower away 
and unhookthe cat, then veer away the cable ; be careful to heave the buoy 
over-board before you let go the anchor. 

2. How do you moor in the Downs ? 

A, With my beſt bower to the S. W. I would veer away with the laſt 
quarter flood, and moor with the ſmall bower to the N. E. 

2, Where is the beſt anchoring in the Downs ? 

4, Upper Deal church and caſtle in one, in eight or nine fathoms 
water, 

2. What are the marks for anchoring in the Downs ? 

A. The South Foreland S. S. W. Deal caſtle bearing Weſt, and Sandown 
caſtle N. W. | 

2. Hcw would you unmoor in the Downs with the wind at North? 

A, T would ſplice my ſtream cable to my ſmall bower, and veer away 
at half ebb, that I might have time to ſhow my beſt bower, and ſhorten in 
my ſmall bower cable, before the ſhip tends to windward, 

2, Proceed to unmoor ſhip as it is done in the navy. 

A. J would ſend for the maſter to ſee the hawſe is clear, turn all hands 
up to unmoor ſhip, lay the capſtan- bars for ſhipping, call the mate to ſee 


the meſſenger paſſed tor the beſt bower, rig the davit out, becauſe it will 
take 


Norr. All cables ought to be 120 fathoms in length, and are in proportion to each 
other as the cubes of their diameters. The number of threads of which a cable is com- 
poſed being always proportioned to the length and thickneſs, and the weight and value 
of it is determined by this number. The number of threads and weight of cables of 
different circumferences may be ſeen in the following table: 
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take it up the firſt quarter flood, get the cat and fiſh to paſs for the },g 
bower, ſtretch along the fiſh tackle ; quarter maiters down in the tier, arg 
ſtand by to veer away the ſmall bower cable; ſhip the capitan bars, pin aud 
ſwift them; clap on the ſtoppets before the bitts, and bring to the meſſen. 
ger. At the ſame time unbit the beſt bower, rowſe aft the flack of the ca. 
ble; heave taut, take off the ſtoppers, hold on the meſſenger, and heave 
away; veer away the ſmall bower-cable; clap on the nippers : Thick ard 
dry for weighing, heave chearly; the anchor's away, keep faſt the ſmall 
bower cable; quarter maſter take hold of the helm; look out tor the an- 
chor; the anchor is in fight ; heave and paul the capſtan; hook the cat; 
haul taut, and take a turn; ſurge the meſſenger round the capſtan; take 
off the nippers ; out cable; cable enough; haul cat; belay the catfall; 
paſs the ſtoppers; hook the fiſh; try fiſh by hand; haul away the fiſh; be. 
lay the fiſh rackle-jall; paſs the ſhank painter; bowſe to the {tock-tackle, 
belay the ſhank painter; make taſt the ſtopper and ſtock laſhing ; come up 
cat and fiſh ; unhook both; haul the buoy in; then ſhift the meſſei ger (or 
the ſmall bower and bring to, clap on the ſtoppers before the bitts nd un. 
bit the cable; rowſe aft the ſlack of the cable; man the capſtan ; hold on 
the meſſenger; forecaſtle-men rig out the davit for the ſmall buwer; 
when the anchor is a-peak, ſend the top men to looſe the ſails; man the 
yards; ftreich along the topſail ſheets; let go the topſail; rect tackles, 
bunt-lines and clue-lines ; foot the ſails out of the top; haul home the top. 
fa} ſheets; ſtretch along the topſail halvards and man them; quarter. 
maſter and boatſwain's mates attend to the braces ; hoiſt away the top. ſails; 
belay the halyards; trim the fails; heave up the anchor; tow it as before, 
and haul the buoy in. 

2. How would you umoor with the wind S. E. or S.? 

A. Veer on the beſt bower-cable, and take the ſmall bower-anchor up 
firſt ; and proceed as before, then to heave in to the ſhcrt ſervice on the 
bet bower, &c. If the anchor bas great hold and afraid of ſtanding the 
meſſenger, clear away the main capſtan and laſh a block, or purchaſe 
blocks, on the cable, and one to the main-maſt, or one to the two ports 
* abreaſt of the main -· maſt; reeve a hawſer through them, and heave cn both 

capſtans together. | 

2. Suppoſe. you are cloſe upon a wind, in moderate weather, with all 
your fails ſet, how will you tack the fhip ? | 

A. I would hand down the lee-bow-lines, ſtretch along the weather. 
braces, the weather ſheets and lee-tacks ; then put the helm a. lee, let go 
the fore ſheet, lee fore-top-ſail, brace and fore-top-bow-line, jib and flay- 
ſail ſheets ; and haul them taut, When the fore-top.ſail touches, brace 
to and help her; when aback, brace up and help her; when the wind 13 
out of the after-ſails, raiſe tacks and ſheets ; ſhift the ſtay- ſail tacks, and 
haul over the ſtay-ſail ſheets ; cant ſprit-ſail yard, when the wind is rather 
Ja point on the bow, if ſure of coming about, haul the main ſail. N, B. 
One watch of the top-men on the quarter- deck, and fore-caftle to ſet up 
the wes ther breaſt. back. ſtays. If ſhe has ſtern- way, ſhift the helm and 
ſquare the ſprit- ſail· yard; haul on board the main tack and aft the main 
ſheet. Brace up the main yard hen the after-ſails are full; haul off all; 
and haul on board the fore tack ; krep in the weather-braces forward, ard 
let her come to, then brace up; haul aſt the fore ſheet, jib and ſtay· ſail 


ſheets ; ſet che back-ttays when head to the wihd up, and haul the = 
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lines ; then haul taut the weather-braces, lee-tacks, and weather.ſheets ; 
have the braces let go at once; when the word is given to haul main, ſail, 
{all the hands on the braces ſhould keep hauling taut in for the run), 
the yards will ſwing of themſelves, 

9. How would you tack a ſhip under her three top. ſails ? 

4, I would put the helm a. lee, eaſe off the fore. top- ſail brace, keep faſt 
the fore top bow line; when the fore-top-fail touches, brace to and help 
her; when the wind is a- head, haul the main top. ſail and ſhift the helm: 
then brace up the main yard, and haul the main-top bow-line ; when the 
after-ſails are foll, let go and haul ; keep in the weather. braces forward, 
and when ſhe comes to brace ſharp up, haul the main and fore top bow. 
lines, and haul taut the weather braces. 

How do you veer, or wear a ſhip with all her ſails ſet ? 

A. I would haul the mizen up, and the mizen-ftay-fail down, or trail it 
vp, hard a weather the helm, ſhiver the mizen top- ſail, let go the main and 
main-top bow-lines, eaſe off the main ſheet, the lee main brace, and round 
in the weather. brace, When the wind is. abaft the beam, raiſe the main. 
tack; when the wind is aft, ſquare the head yards, and get the other tacks 
on board; haul aft the ſheets, ſhift the jib and ſtay. ſail ſheets over the 
ſtays, and as ſhe comes to, haul the mizen out; hoiſt the mizen ſtay. ſail, 
and haul aft the ſheet ; brace the head- yards up, haul the bow-lines, and 
trim all ſharp. If a freſh wind, and ſhould be proper to ſhorten ſail, in 
top. gallant. fails, down jib and ſtay- ſails, take one or two reefs in the top- 
ſails, 
It blows hard, would have you proceed to cloſe reef the top-ſails ? 

A, T wouid let run the halyards, and haul the yards cloſe down by the 
clue-lines and down-haul tackles ; if the wind is large, man the elue- lines 
and bunt-lines, let go he ſheets, and clue them cloſe up; haul in the wea- 
ther. brace, and ſpill the ſail as much as poſſible; then haul out the reef 
tackles, ſend men up and haul out the weather earing firſt, then the lee 
one, and reef away, hauling the other reefs up before the yard: If the 
ſhip is upon a wind when the top-ſail yard is down, let go the bow. line. 
It is moſtly the way to man the clue-lines and the bunt-lines, to eaſe off the 
lee. ſheet and clue it up; then man the weather-brace, let go the lee-brace, 
eaſe off the weather-ſheet and clue it vp; hauling in the weather. brace and 
bunt. lines at the ſame time; when the fail is ſpilled, haul out the reef. 
tackles, and reef as before. But to keep the (ail from ſplitting or ſhaking 
(eſpecially if it be wet) it is the beſt way to man the clue-lines, bunt - lines, 
and weather. brace, let go the lez-brace, eaſe off the weather ſheet, haul- 
ing up the clue-line, and in with the weather-brace at the ſame time ; when 
in enough, eaſe off the lee-ſheet, clue up, &c. N. B. To ſet a top. ſail on 
a wind when it blows ſtrong, always haul the lee-ſheet home firſt, then the 
weather one, &c. &c. as before. 

It blows harder, you muſt take in your top-ſails? 

A. I would take in the fore and mizen top-ſails firſt, becauſe it will eaſe 
the ſhip forward, (for when it blows hard we generally have a head fea, 
and ſhe keeps to the better) let go the fore-top bow-line, lower away the 
halyards, man the clue-lines and bunt-lines, clue cloſe up, and haul out 
the reef-tackles, haul in the weather-brace, ſteady the lee. brace, haul taut 
the top. ſail halyards; ſend the people up to hand the fail, and when up, 


before they go on the yard, I'll clap the rolling tackle en to ſteady her, (all 


the top. ſails ſhould be taken in the ſame way) after that, if ſqually, take in 


the main top. ſail, and then the ſhip is under her courſes. 
2. How 
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2, How would you veer a {hip under her courſes ? 

A. I would haul the mizen and main-ſail up, and down with the mize, 
ſtay-ſail, ſquare the after yards, hard a weather the helm, man the Weather 
fore-brace, and eaſe off the lee- brace and fore bow-line ; eaſe off the fore. 
tack, and ſtand by to haul on board the other: keep her large if room, until 
I get the tack on board and belay it; then luff up to the wind, haul aft (4. 
fore-ſheet and brace vp the fore-yard, ſet the after-ſails, aboard main tack, 
aft the main ſheet, brace all up, and haul the bow-lines; when my ſails are 
trimmed, ſhift the rolling tackles on the top. ſail yards. 

A. Suppoſe you are lying to in a hard gale of wind, under a reef main. 
ſail, you want the ſhip's head on the other track; how will you veer in x 
great ſea? 

A, I will watch her falling off, and put the helm a-weather, when ſue 
does, eaſe off the main-ſheet ; if that will not do, I'll man the fore ſhroyds, 
and get tarpaulins and hammocks or ſpare canvas up, and ſpread it: If that 
will not do, I will haul aft the main-ſheet, and put the helm a- lee, then ſend 
hands out to the ſprit- ſail yard with hammocks and gaſkets to ſtop the ſprit- 
ſail (called balancing) within the lee clue-line; block and looſe the lee 
yard-arm, then haul aft the ſheet, clap the helm hard a-weather, eaſe of 
the main-ſheet, round in the weather-brace, gather aft the other ſheer, haul 
the main tack on board; when ſhe is before the wind, ſquare the ſprit-Gil 
yard, clue the ſail up and furl it; eaſe the helm down a. lee, brace the yards 


up, heul the main ſheet aft, bowſe the bow-line up, laſh the helm three 


parts a-lee, and ſhe will lay to as before, 

Q. Suppoſe ſhe will not veer after all you have done? 

A. I will looſe the gooſe wings of the fore. ſail; if that will not do, ſet 
the fore. ſail and veer her under her courſes, or haul the main, ſail up; if 
by hauling the main. ſail up and furling it ſhe does not veer, lower down 
the mizen-yard ; if that will not do, lower down the croſs. jack yard ard 
mizen-top-maſt ; if that will not do, cut away the mizen maſt. 

2. How do you caſt a ſhip, when intending to get under weigh? 

A. It I am to ca her to ſtarboard, I would haul in my larboard braces 
forward, and et my after-yords lay ſquare; I may hoiſt the fore top-matt 
ſtay- ſail, and keep the ſheet to windward to help her; if I am to cait her 
to port, I would haul :n the contrary braces, when caſt, fill the head-fail3 
and brace up as umſtances require. AN. B. If a ſhip is wind-rode, as 
ſoon as the anchor is right up and down, put the helm the way you would 
have her caſt, ſetting in the ſame br-ces abaft, and the contrary forward: 
but if ſhe is tide-rode, the helm muſt be put the contrary way to which you 
would have her cait, and ſet in the braces forward; which ever way the 
helm is, the braces abaft muſt be the contrary. 

9. It blows hard, and you ſplit your topſail? 

A. I would let go the bo ine, haul in the weather-brace, and lower 
away the halyacds, clue up the lee-ſheet, haul up the bunt-lines, ſtart the 
weather-ſheet, belay the clue-lines and bunt-lines, unbend the ſail, bend 
another; then either furl or ſet it, as circumſtances require. : 

2. You are lying to in a hard gale of wind, and ſplit your main-ſail? 

A. I will haul it up carefully, unbend the fail, and bend another, get 
on board the main tack, and haul aft the ſheet; when the ſail is ſet, get 4 
tackle on the weather leach to ſecure the tack, and a preventer ſheet ; but 
in ſmall ſhips they get the lee tack aft for a preventer ſheet. : 

2. Suppoſe yeu are on a wind, and let the ſhip come up in the wind, 
and are all aback, what will you do? 

J. I will 
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A, J will box her off, and ſuppoſe ſhe will not box off, I will haul the 
mizen up, let go the main and main top bow-lines, the lee main and main. 
top ſai] braces, and lay all ſquare abaft, put the helm to leeward, if ſhe 
has ſtern- way, when the wind is abaft the beam ſhift the helm; and, as 
ſhe gets head-way, haul in a little of the after braces, haul the mizen our, 
brace vp ſharp abaft and haul the bow-lines ; and then I am on the ſame 
tack as before. | 

9. Suppoſe you are on a wind, cloſe upon the land, and ſtanding on 
muſt run on ſhore, and you can clear the land on the other tack ; but it 
blows hard and a head ſwell, that ſhe will not ſtay ; and ſhould you veer 
ou would be on ſhore, how would you get upon the other tack ? 

A, 1 would club haul her; this is done by putting the helm a-lee, and 
letting go the lee anchor, and bringing her head up to wind; then cut the 
cable and haul about the after- ſails; and when they are full brace about the 
head-ſails, haul on board the fore-tack, and brace up the other way. 

9, If by accident your ſhip is brought by the lee, what would you do? 

A. When a ſhip is brought by the lee, it is commonly occaſioned by a 
large ſea, and by the neglect of the helm's- man. When the wind is two or 
three points on the quarter, the ſhip taking a lurch brings the wind on 
the other fide, and lays the ſails all dead to the maſt; as the yards are 
braced up, ſhe then having little way, and the helm being of little ſervice. 
I would therefore brace about the head. ſails the other way, and keep the 
main-top-ſail ſhivering ; when ſhe gathers way, and brings the wind aft 
again, raiſe the fore tack and ſquare the head- ſails; trim the ſails as they 
were before, and bring her to her courſe again, N. B. It is dangerous to 
bring a ſhip by the lee in a gale of wind, tor ſhe lying entirely againſt the 
ſea, her ſails can be of little ſervice till they are braced abour, 

2. Coming into ſoundings from a long voyage, I would have you pre- 
pare for going into port and anchoring. 

A, IU order the cables to be bent; thus get their ends up, reeve, hauſe, 
and ring ropes to haul them out, the forecaſtle men to clinch them, and 
quarter-maſter to clap the bends on, reeve the runners and tackles, unſtow 
the anchors, bend the buoys and bow-ropes, ſingle the ſtoppers and ſhank 
painters, bit the bower.cables with a long range, have the dog ſtoppers to 
paſs, ſee the tiers clear, have handleads and lines in the chains, ſend down 
the top-ropes, reeve the top-tackle-falls, unſling the lower yards, when the 
cables are bent, &c. clap the hawſe bucklers on. 

2. You are off the Eddyſtone, the wind at S. W. in a hard pale, under a 
reef fore. ſail, and you muſt anchor in Plymouth Sound, how will you bring 
up for the ſafety of the ſhip, and with what anchor? 

4. To give myſelf time for anchoring, I will haul my fore. ſail up, get 
the ſheet anchor over the fide, and bit the cable to the after-bits with a 
range, get down top=gallant maſts, and ſprit-ſail yard, in fore and aft, unfid 
the top-maſts and ftretch along the jeers, clap the wing ſtopper on the 
ſecond cable of the beſt bower ; being all clear, I'll ſet my foreſail and 
ſteer in for the Sound, and when I am near the place I intend to anchor 
in I'll man the fore clue garnets, and ſtand by to lower the yards and 
top. maſt, being ready, lower away, haul the fore-ſail cloſe vp, and furl it 
a Portland, clap rolling tackles on the lower yards, and heel ropes on 
the top. maſts; having the marks on to anchor, ſtream the beſt bower 
buoy, and ſee that it goes clear of the ſhip, and when J intend to bring 
up, put the helm down, and haul the mizen out, then let go the anchor 
and veer away at leaſt one and a half cable before I check her; ſhould = 
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ſhip drive with two cables out, on the beſt bower, ſtream the ſmall bowe: 
buoy and let go the anchor, which will allow me to veer a cable on the 
ſmall bower ; this will bring her up if it blows ever ſo hard, and J have 
ſtill the ſheet anchor to ſtand by; when I have brought up, and double. 
bitted and ſtopped the cables, 1'1! get the top-ſail yards fore and aft in the 
tops, and make the ſhip as ſnug as poſſible; as ſoon as the gale is over 
get the anchors up and moor properly. The beſt method is to unbend the 
{mall bower buoy rope from the anchor, it being liable to get foul of the 
beſt bower cable, by the buoy going over and over again of the ſaid cable 
which has been often the caſe, 

N.B. ln coming from the weſtward with a hard gale of wind, and bourg 
into the Nowns, take the ſame method. 

E Suppoſe you are on a lee ſhore, and had neither room to veer or (lay, 
nor any anchoring ground, how would you put the ſhip's head round the 
other way. 

A, I would put my helm hard a-lee, when ſhe comes head to wind raiſe 
the fore and main tacks directly, make a run with my weather braces and 
lay all aback at once, then haul forwards my lee-tacks and bow. lines is far 
as I can, that the ſhip may fall round on her heel, and when the main. ſail 
begins to ſhiver, I would haul it up, fill my head ſails, and ſhift the helm 
hard a weather ; when the wind comes on the other quarter, haul on board 
the main tack and bring her cloſe to the wind. 

©. Suppoſe you are on a lee-ſhore, and could clear the danger on the 
other tack, although not room to veer and a ſea on, ſhe will not ſtay, ard 
you had good anchoring ground, what would you do? 

A. When I ſaw the danger, I would take a good hawſer and lead it out 
of one of the quarter ports, and bend it to the anchor to lee-ward ; the 
other part I would bring to the capſtan, ſhip the bars, and when I clap 
the helm a. lee, and as ſoon as the wind is out of the main, ſail haul it up, 
let go the anchor, and heave on the ſpring td caſt her, becauſe the cable 
ſhould not check her. When ſhe comes head to wind, brace about the 
main-yard, haul on board the tack, and cut away the cable and ſpring ; 
when the main-ſail fills, ſet the fore. ſail, haul on board the tack, and trim 
her to the wind, 

Q. Suppoſe it blows hard, you cannot carry your courſes, night coming 
on, and it is likely to blow harder, what will you do ? 

A. I will haul the fore. ſail up and furl it, balance the mizen, haul it out 
to keep her to, then haul up the weather mainclue-garnet and bunt: line, then 
the lee-clue-garnet- bunt-lines and leach-lines,{quare the yards, and get ſtrops 
round the maſt above the booms to hook the yard tackles to for rolling 
tackles, then reef the ſail, when recfed, haul on board the tack, get aft the 
ſheet handſomely, tend the braces, bowſe up the bow-line and haul up the 
mizen. 

Q. You are juſt abreaſt of Portland, the wind has taken you back; you 
have all ſails ſet, and you have no time to take them in, for you will be on 
ſhore or in the Race preſently, how will you proceed ? | 

A. If ſhe has head-way, I will put the helm-a-port, let go the fore ſheet 
and larboard braces; as ſoon as the after.ſails ſhiver, haul down all the {tud- 
ding-ſails; if it blows freſh take in top-gallant ſails, brace up the after 
yards; when full, brace up forward and haul on board the fare. tack, trim 
all ſharp, haul taut the weather. braces and haul the bow lines, the bow. lines 
firſt, then the weather. braces, 
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©, Suppoſe you are turning over the Flats with your top. ſails and fore. 
la, you endeavour to put about, but ſhe will not ſtay, there is a ſand 
a.head within a cable's length of you, what will you do? 

4, 1 will heave all aback, and when ſhe has ſtern. way ſhift the helm; 
when ſhe has paid well off, brace about the head-ſails and ſhiver the after. 
ils ; then ſhe will veer round and ſtand off. 

2. You are in a gale of wind, and ſplit your fore courſe, what will you 

0: | 
15 I'll man the weather fore clue- garnet, bunt. lines and leach lines, 
eaſe off the fore-tack, and when clued up, man the lee- elue- garnet and haul 
it cloſe vp; then let go the lee. brace, haul taut the lifts and braces, ſend 
hands to unbend the ſail; when another is bent, and I want to ſet it, I 
will haul on board the fore-tack, and haul aft the fore- leet, brace the yard 
up and haul the bow line. 

9. It blows hard, and you want to reef your courſes, how would you 

roceed ? 

f A, T will clear away the top-ſail ſheets and lifts, man the down. haul 
tackles, lower away the jeers, let go the bow. lines and clue the ſails up 
round the weather-braces, haul taut the lifts, braces, and rolling tackles ; 
then ſend hands up to reef the fails ; when I want to ſet them, I will pro- 
ceed with the ſails as before, 

9. Suppoſe it blows hard at S. W. and you are drove from your anchors 
in the Downs, what would you do ? 

A. 1 would ſteer for the Gull-ſtream, which I ſhall know by having the 
upper Light on the South Foreland to bear S. W. by S. then ſteer away 
between the N. E and N. E. by N. which will carry me between the Brake 
and the Goodwin ſands, keeping to the Goodwin in nine or ten fathom, 
and to the Brake in ſeven or fix, 

2. You are ſtanding on a wind with all your ſails ſet ; your enemy is in 
fight, ſtanding towards you, how do you clear your ſhip for action? 

A, I will turn all hands up to clear ſhip, up all hammocks, the quarter. 
maſters to ſtow them in the netting, and on the gang-way ; get the top-men's 
hammocks up in the top; down all cheſts in the hold; quarter-maſters ſtow 
them; take in all the ſmall ſails; ling the lower yard with top-chains, get 
the puddings and dolphins up; then fling the top-ſail yards halt maſt orcloſe 
up; ſtop the top-ſail ſheets, ſtoppers on the jeersy or elſe rack them; gun- 
ners getthe match tubs between every two guns, matches, powder horns, 
crows, and handſpikes ſufficient for every gun; all hands to quarters, keep 
. filence and mind the word of command, fire not a gun until the word of 
command is given; mind you do not fire a ſhot in vain, Now I have all 
the three maſts in one, fire ! 

2. Suppoſe you are in chaſe of an enemy's ſhip of war, upon a wind, 
with all your ſails ſet; ſhe isrighta-head, on which ſide will you engage her? 

4, I will engage her to leeward, by reaſon ſhe cannot put away before 
the wind, and if there is any thing of a ſea, ſhe may not be able to fight 
ber lower tier of guns. If light breezes and hot weather it would be better 
io engage to windward, to let them receive the ſmoak and heat of the fire, 

L You are chaſing from the wind, and carry away your main-top-maſlt, 
how will you proceed ? 

4, I would haul up the main. ſail, and ſend hands up into the top with a 
rope or hawſer, to clap on that part of the maſt that hangs down, then cur 
the lanyards of the main top-maſt ſhrouds, and lower way, calt off the 
bawſer, reeve it to ſend the ſtump down, clear away the rigging, uolin 
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the main-yard, get the foretackle on it and howze and forward the yard. 4; 
Yard, then 

lower the ſtump upon deck, and get the ſpare top-maſt ready for the crof; 

trees ; clap the hawſer on, and ſway it up high enough for the rigging ; 

Q. You are lying to in a hard gale of wind under your main courſe, von 
carry away your main-maſt, how will you proceed to clear the teck ) g 

A, I will clap my helm a-weather, brace my fore and fore-top-ſail yards 
full, then call all hands to get pole-axes, &c, to clear away the We, 

2, Why will you put the ſhip before the wind ? mo 

A, Becauſe the maſt will go a-ſtern clear of the rudder, and prevent ils 
damaging the ſhip. 

D. You are going large and ſee a ſhip in the wind's eye, how will you 
proceed to chaſe her ? 

A, I will turn all hands up, get my tacks on board, brace up my yard; 
and haul aft the ſheets ; haul the bow-lines, ſet the 1b and ſtay fails, keey 
her full, and by making ſhort boards and turn directly to windward, which 
will prevent her putting away large. | 

Q. Suppoſe you were to carry away your bow. ſprit, what would you 0% ? 
A. I would immediately veer ſhip, and keep her before the wind; and 
then, for the ſecurity ef the fore-maſt, 1 would carry. forward the fore run. 
ners and tackles, and bowze them well taut, till I can get a hawſer or fa. 
ficient rope, and clinch it round the maſt-head, and ſecure it to the hit; of 
the fore.caſtle or the cat-heads ; then take the beſt ſpar I have and make 1 
jury bowſprit of it. 

2. Having a fair wind, how will you ſet your fore. top. maſt ſtuddirg (i! 
on the larboard fide ? 

A. Firſt haul taut the truſs tackles, and bowze the fore-yard cloſe to; 
then haul taut the larboard fore-lift, and ſtarboard fere-top. ſail cluc.line ; 
en board his Majeſty's ſhips the top burtons ate on the top-ſail yards to keep 
them ſquare when ſtudding-fails are ſet, (the top-ſails, lifts, and clue-lins; 
not thought of) the fore-top men down on the fore-yard, and riz out the 
larboard itudding-ſail boom, firſt ſending down the ſtudding. ſail tack and 
cuter halyards up to the fore. top. ſail larboard yard - arm; and reef the hal. 
yards, ſend them down-and bend them ; the tack being bent and all ready, 
man the halyards and hoiſt away, haul out the tack, &c. If the wind is on 
the beam or quartering, ſet it abaft the top-fail ; if right aft, before the 
topſail, (which is done by a man ſtanding on the fore yard-arm, with the 
leach of the ſtudding-ſail in his hands.) 

Q. Suppoſe you are in an engagement, and your main. top- maſt ay is ſhot 
away, how will you ſecure your maſt ? 

A. I will ſend my ſhifting back-ſtay forward by the main-top-maſt tay- 
ſail halyards, and reeve it through a block abaft the fore-maſt head, bow ſe 
it taut, and that will ſecure the maſt, 

. Your ſhip comes to againſt her helm, what will you do? 

A. I will haul my mizen up, and ſhiver the after.ſails, 

. She comes to yet, if ſhe ſtays ſhe will be on board ſome other ſhip? 

A. Jil let go the lee-fore and fore. top- ſail braces, raiſe the fore rack and 
let go the bow-lines, haul in the weather braces, and box her cf, 

Q. How do you ſplice your cables? | f 

A, 1 will put the whole ſtrands of the beſt or ſmall bower cables twice 
each way, and point each ſtrand with a tail of three fathoms each ; then 
ſeize them with quarter and end ſeizing to make them lie ſnug, which 1s 
the readieſt way for clearing the hawze, They being ſoon ſpliced and un- 
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How would you mark the lead-line ? 
4, Black leather at 2 and 3 fathoms, white at 5, red at 7, black at 10, 
white at 13, (ſome ſeamen uſe black at 10 and 13) white at 15 as at 5, red 
at 17 as at 7, two knots at 20 fathoms, and fo on, an additional knot at 
every 10 fathoms, with a ſingle knot between each 10 fathoms to mark the 
line at every 5 fathoms. 

| You are ſent down in the dark for a top-ſail, how do you know a 
main-ſail from a fore-ſail, or a main-top-ſail from a fore-top-ſail ? 

J. It it has three bow-line cringles it is a main, ſail, if it has but two, 
it is a fore-ſail: if it is marled abaft the foot rope, it is a maineſail, if be- 
fore it is a fore-ſail : if a main- top-ſail, it has four bow. line cringles, if a 
fore-top-ſail but three: all top-ſails are marled to the rope, becauſe the 
foot rope is ſerved. ' 

9. The ſheers are along fide, how do you get them in? 

A. Par-buckle them in with their heads aft on the poop, and get the fore. 
and main runners on them for guys; laſh on two four-fold blocks, reeve the 
maſting- falls, get girt lines on the head of. the ſheers to ſteady the maſt- head, 
put heel laſhings on the ſheers, with good oak planks under them, to 
tranſport them forward on; laſh one of the foutfold blocks forward to the 
ſtem, and bring the fall to the capſtan; heave the ſneers high enough: when 
done, I'll take forward two runners and tackles to aflift the ſheers, take the 
mizen-maſt firſt in, then raiſe rhe ſheers erect, take in the main-maſt, bowſe 
the heels of the ſheers forward, and keep them upright to take in the fore. 
maſt, 

9, How do you rig a lower maſt ? 

A, I will laſh on the girt-line-blocks, put on the bolſters, parcel and 
tar them, put over the runner and tackle-pendants, then the foremoſt of 
the ſtarboard. ſhrouds, then the Iarboard, and ſo on; then the ſtay and 
ſpring ſtay, ſeize in the dead eyes for the ſhrouds, and the harts for the ſtay, 
reeve the lanyards, ſet up the rigging, get the top over head, and bolt it, 
rattle down the ſhrouds, and ſeize on the cat-harpin-legs,' hook the futtock 
ſhrouds and hitch them, ſeize down the ends, Jaſh the hanging jeer blocks 
under the top, with the ſtrops under the ſtays, lead up and laſh to the maſt. 
head, get the cap into the top for the head of the top-maſt, and laſh the 
blocks on for the main-lifts. 

2, How do you get a top and cap over ? 

A. Make faſt a girt line block, on each fide of the maſt-head, reeve the 
girt-lines, and paſs them under the top, and make them faſt to the after- 
part of the top, ſtop them to the holt holes in the middle and fore-part of 
the top, then ſway away : when high enough, cut the upper ſtops, having 
a guy on the after part of the top-brim, and the top will fall over the maſt- 
head, then lower away, and put it in its birth, haul upon the guy and bolt 
it, lay the cap ſteady over the truſiel.trees for the top-maſt head, to receive 
it; when the top-maſt-head is through it, laſh the cap to the top-maſt till 
high enough, then place the cap on the maſt-head, and drive it down. 

Y. How do you rig a main. top. malt ? 

A. Iwill tar the maſt. head, get the croſs-trees over, fix the bolſters and 
parcel them, put over burton-pendants, then the ſhrouds, breaſt-back-ſtay, 
proper and ſpring-ftay, and cap, ſway up the maſt and fid it, ſeize in the 
dead eyes, ſtay the maſt, ſet up the ſhrowds, rattle them down, laſh the 
bullock-blocks to the maſt · head. 


& How do you rig a top-gallant maſt ? 
: | A, I will 
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A. J will ſend down the top-rope, reeve it through the ſneave.- hole, 20 
make it faſt round the hounds of the malt, and ſtanding part of e 
leaving enough end to make faſt to the cap, which done, ſway away; ,, 5 

the head is through the cap, make faſt the ſpare end or ſtanding part of 
the top-rope to the cap, cut the ſcizing, clapon the grommet, then the ſutouds 
back- ſtays and ſtay, ſway up the maſt, ſid it, and ſet the rigging up, 7 

2. how do you rig a bowſprit ? 

A. I will laſh the collar fore-ſtay for the bob. ſtays and bowſprit throug 
then the collar for the ſpring ſtays, then the block for the top. maſt ſtay, 
fix the man- rope, gammon the bowſprit, and ſet bob-ſtays and ſhroud; Up, 

2. How do yourig a jib boom ? 

A. I will put over the traveller, horſes, and guys, the top gallant ſtay. 
block, and laſh on the blocks for the top. gallant. bowline, and j ib. dona. 
haul- block to the traveller. | 

2. How do you rig a lower yard ? 

A, I will get athwart the gunwhale, laſh the jeers, quarter elge. garnets, 
bunt. lines, leach-lines and flab line blocks, then put over the yard.arm; 
the horſes brace pendants, the yard tackle pendants, then the top-ſail ſheet, 
and lift blocks, reeve the jeers, braces, lifts, and yard-tackle falls, tru 
parcels, ſway the yard up, and haul all taut, 

2. How do you rig a tore top ſail-yard ? 

A. I will reeve a hawſer for a top- rope, through the bullock block, and ſond 
it down, and having put over the horſes, moke the top-rope faſt to the 
middle of the yard, {topping it to the yard-arm, ſwzy it up above the top, 
put over the brace pendants and lift blocks, reeve the lifts and braces, cut the 
yard-arm ſeizing, and croſs the yard, laſh the tye, bunt-line and clue-line 

blocks, reeve the tye and halyards, ſway it up above the cap, and parcel it, 
reeve the clue- lines, bunt-lines and reef-tackles. 

2. How do you rig a top-gallant-yard ? 

A. I will ſeize the clue-line-blocks on, put the horſes over the yard-arms, 
ſway it up on the cap, and rig the yard. arms, by putting on the brace. 
pendants and lifts, then craſs the yard and parcel it. 

2. You have loſt your rudder at ſea, what method will you take to ſteer 
the ſhip ? 

A. I will take a large ſpar, or part of a top.maft, and cut it flat in the 
form of a ſtern-polt, bore holes at proper diſtances in that part which is to 
be the fore part of the preventer, or additional ſtern-poſt, then take the 
thickeſt plank I have on board, and make it as near as I can into the form 
of a rudder, bore holes at proper diſtances in the fore part of it, and in the 
after-part of the preventer ſtern to correſpond with each other; and reeve 
rope grommets through thoſe holes in the rudder and after-part of the ſtern. 
poſt tor the rudder to play upon. | | 

Through the preventer ſtern-poſt reeve guys, and at the fore-part of them 
fix tackles, and then put the machine ayer-board ; when I get it in proper 
poſition or in a line with the ſhip's ſtecn-poſt, laſh the upper part of the 
preventer poſt to the upper part of the ſhip's ſtern-poſt, then hook tackles at 
or near the main chains, and bowſe taut on the guys to confine it to the 
lower part of the preventer ſtern-poſt ;—having holes bored through the 
preventer and proper ſtern-poſt, I will run an iron bolt through both, 
taking care not to touch the rudder, which will prevent the falſe ſtern. poſt 

from riſing up or falling down. . 

By the guys on the after part of the rudder, and tackles fixed to them, 
1 may ſteer the ſhip. I muſt take care to bowſe taut the tackles on the 
preventer ftern-poſt to keep ĩt cloſe to the proper ſtern. poſt, 
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9, Your ſhip is leaky, you cannot keep her free by the pumps, what 

; do. 

1 151 take a ſpare top- ſail, or ſome other ſail, and ſpread it upon the 
deck, cover it all over with oakum, and bind it to the ſail with a needle and 
.wine in ſeveral places to keep it faſt to the ſail, then take an hawſer and 
cat it into proper lengths to go under the ſhip's bottom, and come in over 
the gunnel, put theſe hawſers about four feet diſtant under the ſail, and 
make them faſt with their middle to the middle of the ſails, each leach 
beginning at the head and leaving off at the clues: —Then put the ſail over 
hoard, keeping the oakum fide to the ſhip's bottom, and haul up the ends 
of the hauſers on the other ſide by a hauling line which I have ſwept the 
ſhip with, numbering each end fore and aft; then eaſe away on the haw. 
(2's ends on that fide I have put the fail over, and keep hauling at the 
ſame time on the hawſer's ends on the oppoſite ſide when the ſail is pro- 
perly down, which is known by marking the hawſer; I will then clap on 
tackles and bowſe all taut, keeping the ſail cloſe to the ſhip's bottom the 
kom will be drawn in, and ſtop the leak. The fail may be covered with 
torſe dung or any filth I have on board, which will be drawn in and ſtop 
the leak, 

2 Suppoſe the wind northerly, and you are in a ſhip's hawſe in the 
Downs, what would you do? 

A, I would wait until the ſhip tends to windward, and heave up my 
anchor as ſhe is tending. | 

2. How would you work a ſhip out of the Downs with the wind ſouth- 
erly ? : 

4, 1 would ſtand to the Goodwin Sand in 10 or 11 fathoms, it being 
ſteep to; and to the ſhore in 8 fathoms water. 

2, Is there any danger in going out of the Downs ? 

A, Yes; between Deal and Walmer Caſtles there are ſhoals near the 
ſhore, not having more than 16 or 17 feet of water on them at ſpring tides ; 
a I draw towards the Foreland, I would ſtand in ſhore, to 10 or 9 fathoms, 
and off to the South Sand-head, Upper Deal and Walmer Caſtles in one 
will lead me clear off; Deal Church being open with Walmer Caſtle about 
a ſhip's length, I muſt ſtand out till I bring the lights in one, then I am 
clest off the South Sand-head; and when the light-houſe opens to the 
weltward of Folkſtone Church with Hay Clifts, it leads me clear, I muſt 
take care not tu ſhut in the Hope-land, and the South Sand-head will lie 
off three miles. To ſail out of the Downs to the weſtward, and the wind 
at $, W. I will begin to unmoor at a quarter flood, weigh at high water, 
and caſt her in ſhore, Hut to ſail to the eaſtward with the wind Weſterly, I 
_ begin to unmoor at half ebb, take up my beſt bower, and weigh at 
ow water, | 

2. The wind at N. E. in moderate weather you mean to turn up the 
win, at what time of the tide would you weigh!? 

A, At ſlack water, looſe the ſails and up anchor, 

2, What are the marks for running through the Gull Stream? 
4, To keep the upper light-houſe on the South Foreland, in one with 
the weſternmoſt end of the Southernmoſt clift in Old Stains Bay; which is a 
vamp that lies between the two clifts a large halt-mile to the ſouthward of 

Kingſdown upon the South Foreland. 

L. How do you know when you can weather the South Sand-head ? 

4, When Upper Deal Mill is open to the Southward of Walmer Caftle, 
or When the light-houſes are in one, and Folkſtone Church is open with 
Hay. Clift, I am clear, 

Dx Suppoſe 
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9. Suppoſe you were coming into the Downs with the wind at 8. M.. 
blowing hard, which way would you lay your ſhip's head tobring her up? 

A. I would lay the ſhip's head to the eaſtward, and come to with my belt 
bower, but if with the ſmall bower, I would have her head in ſhore, 

9, For what reaſon would you do ſo? 

A. 1 ſhould then keep the cable clear of the cut. water, 

2. What is the courſe from the South Foreland to Dungeneſs, and what 
are the dangers ? 


A. From the South Foreland to Dungeneſs, the Courſe is S. W. by W. | 


4 W. diſtance 7 leagues. 

The Ripraps lie N. E. and S. W. about 5 leagues in length; the N. E. 
End bears from Dover Caſtle S. S. E. 4 leagues, from Folkſtone 8. E. by 
S. Calais ſteeple bears from it S. E. and Calais Clifts S. S. E. 3 leagues, 
the 8. W. end bears from Dungeneſs E. S. E. 4 leagues, on the N. E. part 
there ate about 15 or 16 feet at low water, on the S. W. end 4 or 5 fathoms, 
It is ſteep to on both ſides, having 20 and 22 fathoms cloſe to it. Jo the 
weſtward of Folkſtone, there is a ledge of rocks that runs a large mile off 
the ſhore, I would come no nearer in than 14 fathoms. 

About 4 miles E. by N. from Dungeneſs, there is a ſhoal with not more 
than 12 feet on it, which I ſhall avoid by keeping in 10 fathoms. 

Q. Where will you anchor, and in w hat depth of water under Dungeneſ; ? 

A. I would anchor with the Neſs Point S. W. by W. the light-houſe W. 
S. W. athwart Romney Town, in 8, 9, or 10 fathom water. 

There is a ſhoal about two miles to the weſtward of the Neſs, with only 
18 feet on it at low ſpring tides, the Neſs light bears from it N. E. by E. 
12 fathoms cloſe to it. | 

Q. What is the courſe from Dungeneſs to Beachy-head and what are 
the dangers ? 

A. W. + S. diſtance about nine leagues, 

Off the highland of Farleigh there is a ſhoal of rocky ground with 14 
feet on it, and lies pretty cloſe in. In the channel off Dungenels, there is 
24 fathoms, and off Beachy-head from 26 to 30 fathoms; I will, in thick 
weather, keep in 15 or 20 fathoms, from the Neſs to Beachy-head. When 
I deepen my water, haul to the Northward, but if I ſhoal it, haul to the 
Southward. In clear weather I may ſtand in ſhore until Beachy-head bears 
W. by N. and not have leſs then 10 fathoms of water, muſt then tack to 
avoid Pemſey Shoal, which lies about two miles off the ſhore, with Pemſey 
Church bearing N. and Beachy-head W. by S. 14 feet on it. 

There is a ſhoal with 14 feet on it, and lies with Beachy-head W. IN. 
12 miles; E, by S. 6 miles from Beachy-heid is the Horſe of Willington, 
a ſmall ſhoal, having 16 feet on it at low water, 

Q. Being off Beachy-head, at the cloſe of a winter's even, in a gale of 

wind at N, E. bound to Spithead, what is beſt to be done ? 
A. I would lie to with my ſhip's head to the N. N. W. till morning, 
then ſhe will drive about a channel courſe at the rate of two knots an hour, 
allowing that what ſhe would loſe in the ebb, ſhe would gain in the flood, 
aod be in a fair way in the morning; I would come no nearer to the 
Owers than 18 or 20 fathoms. 

9. What is the courſe and dangers between Beachy-head and Dunnoſe? 

A. The courſe is W. by N. + N. diſtance about 20 leagues, 

The dangers are, Owers; the mark to go clear off the eaſt part of them, 


is the white way on Brow Hill in one with Chicheſter Church, a little 
: the 
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the eaſtward of Pegham Church, and the mark to clear the weſt- end, is St“ 
Rook s Hill in one with Chicheſter Church, they bear from Culver Cliff 
E. S. E. 4 S. about 4 leagues; there is a floating light on them which has been 
ſifted ſeveral times; in going down Channel, if I keep Dunnoſe W. N. W. 
Northerly, will carry me without them, I will come no nearer to them in 
thick weather than 18 or 20 fithoms. 

2 Youare coming from the weſt ward and off Dunnoſe, what would you do? 

A, I would ſteer N. E. keeping Sandown Caltle clear of Culver Cliff 
bearing W. by N. then I may run in between Bembridge Ledge and the 
princeſſa Shoal, but with a ſhip of a great draught of water, it is beſt to go 
without the Princeſſa Shoal, until I get the Kickergill on the S. W. part 
of Monkton Fort, and run into Spithead between the Buoy of the Dean and 
the Buoy of the Warner. 

N. B. In going for Spithead from the eaſtward, there are 5 black buoys 
lying on the Dean and Horſe, they muſt be all left on the ſtarboard ſide, the 
outer one is called the Eaſt Buoy of Dean, it lies in 27 feet water, the marks 
for it are, the flagſtaff of Portſmouth platform, a little open to the weſtward 
of a round ſentry-box off South Sea Caſtle, bearing N. by W. 3 W. with 
Dunnoſe open of Culver Clif. 

From the outer buoy to the next is W. N. W. about one mile and a quar- 
ter, it lies in 6 fathoms ; the third, formerly the firſt buoy of the Dean, 
lies in 4 fathoms; the buoy of the Warner bears welt ſoutherly from this 
buoy about 14 mile, from the third to the fourth or Elbow buoy, is S. E. 
and N. W.; it lies in three fathoms. | 

The Buoy of the Horſe bears from the third buoy N. N. W. about 1+ 
mile, and lies in 34 fathoms; from this laſt buoy to the firſt buoy of Stur- 
bridge, is W. 4 N. the Royal George lies in 13 fathoms, + of a mile to the 
N. W. of the Edgar, the buoy of the Royal George, that oft Noman's Land, 
and the Kickergill, lie in a line. 

The two buoys of the Princeſſa Shoal lie N. E. by N. and S. W. by 8. 
of each other, diſtance about a mile; they lie each in five fathoms with 4+ 
between them, the marks for the inner buoy, which is white, are Sandown 
Caſtle in one with Culver White Cliff, and Nettleſtone point on Bembridge 
Point, the buoy of Bembridge Ledge 1s black, and the Nob buoy is red, they 
lie E. N. E. and W. S. W. of each other, with Dunnoſe open of Culver Cliffs, 

2. Suppoſe you were to the Northward of Bembridge Point, bound to 
Pithead, and the buoys were all gone, what would you do ? 

4. I would bring St. Helen's Church to bear W. and keep in twelve 
fathoms and fteer N, by W. towards the Dean, keeping Aſhdown mark 
above the trees, will lead mg into Spithead abreaſt of Ride; if it is thick 
weather and the wind ſoutherly, I will come no nearer to Bembridge Ledge 
than fix fathoms, and ſteer N. W. by N. but if the wind is on the other 
fide, I would come no nearer the Dean and Horſe than 10 fathoms ; obſerv. 
ing the courſe and tides, I will anchor at Spithead with South Sea Caltle N. 
E. by E. and the Kicker Point N. W. in 14 fathoms, Eaſt Indiamen and 
Merchant ſhips generally anchor on the Mother Bank to the weſtward of the 
Sturbridge buoy in 10 or 15 fathoms; if I am obliged to turn into Spit- 
head, I may turn the Kickergill on each fide of Fort Monkton and come 


to nearer the Warner than 12 fathoms, nor to the Dean than 9 or 10 fa. 


thoms, nor to Noman's Land than 16 or 18 fathoms, being cloſe to it. 

2. How do you come to anchor at St. Helen's ? 

4. I would keep Sandown Caſtle juſt open of Culver Cliffs, and bring St. 
Helen's Church a fail's breadth open of the Red Cliffs of Bembridge Point, 


and anchor in $ or 9 fathoms, 
24 D Suppoſe 
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Q. Suppoſe you were moored at Spithead with a cable and an half on the 
beſt bower, and one on the ſmall bower, you have orders to ſail, at wha; 
time of the tide would you unmoor, and which anchor would you take vp 


ficlt ? 


, A. I would begin to unmoor at the firſt of the flood, and take up my 
ſmall bower firſt, 


Q. In ſailing within the Iſle of Wight and through the Needles, what 
axe your obſervations ? 

A. To keep clear of the Weſt Middle, I would keep South Sea Caſtle 1 
ſail's breadth open of the Kicker Point until I open Welt Cowes Caſile, 
then ſteer directly for Hurſt Caſtle, and when abreaſt of it, borrow pretty 
near it, then ſteer for the Needles Point; the leading mark through the 
Needles is the Light-houſe in one with Hurſt Cattle, bearing N. E. by 
E.+ E. I muſt be careful to keep the Vanes of the Windmill which ſtands 
on the iſland in fight, to keep me clear of Wardings Ledge; great regard 
muſt be had to the tides, for the flocd ſets on the Needles, and the ebb on 
the Shingles with great velocity, XN, B. To the northward of the Weſt 
Middle lies the Bramble; the Bramlile and Weſt Middle have each two 
buoys on them; if I ſail to the northward of the Weſt Middle, I muſt (ail 
bat wern ic nad the Bramble, leaving the Bramble on the ſtarboard fide; when 
I come to Weſt Cowes Caſtles, I muſt give it a good birth, as there is a 
ledge of rocks that lie off it: Warding Kock lies on the Iſland Side with a 
buoy on it, when I come near the Needles, muſt give them a good birth ty 
avoid the Chalk Rock“, 

2. What is your courſe from Dunnoſe to Portland ? 

A. W. by N. 16 leagues. 

2, If you are forced into Portland, what precautions are neceſſary ? 

A. 1 muſt take care of the ſhambles, they bear from Portland Lights, 
which lie north and ſouth of each other; N. W. by W. 4 miles, with only 
14 feet on them at low water; to fail into the Road from the weſtward, 
I muſt keep cloſe to the Bill, and keep my lead going; when I am round 
the Eaſt Point, haul up and anchor againſt the Pier, in 9 or 10 fathoms, 
with the Bill bearing S. S. E. Portland Caſtle S. S. W. and Weymouth Cal. 
tle N. W. In failing out of Portland Road, I muſt keep Week Church open 
of the Stone Pier, and that will carry me clear to the eaſt ward of the Shambles, 

It flows hard from the Road to the Bill E. S. E. 7 hours, and the flood 
ſers right of the Bill ꝙ hours, 

N. B. In caſe I ſhould be embayed to the weſtward of Portland, and no 
pofiibility of gettingout between Burton and Chiſwell, where it ebbs g hours 
and flows only 3 hours, there is a ſteep beach of pebbles, I would there run 
my ſhip on ſhore with as much ſail as I could carry, eſpecially at the begin- 
ning of an ebb, and remain on board for three or four ſeas, when 1 may get 
on ſhore with ſafety. | 

2. What is the courſe from Portland to Torbay, and how do you anchor 
there ? | 

A. The courſe is W. N. W. and diſtance about 14 leagues; to anchor 
in the bay, I would bring the Berry Head to bear 8. by E. or 8. S. E. and 
Brixham Church on with the Pier Head; the beſt anchoring for ſmall ſhips 
is 14 mile from Brixham Pier Head, in 7 fathoms. 

2. What is your courſe from the Berry Head to the Start? 

A. S. W. about 6 leagues, 

Q. Is there any danger near the Start? 


For a more particular account, ſecthe Diaz cTIons publiſhed by Jon HAM TOY 
Moon z. Price 28. 6d. 41 
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4, Yes, about two miles to the eaſtward of the Start, there is a ſhoal 
with not more than 3 fathoms on it, the Bolt Head being kept open of the 
Start Point will carry me clear of it. 

What is your courſe from the Start to the Eddiſtone ? 

A, W. + S. 7 leagues. 

What is your courſe from the Start to Ramhead? 

A. W. N. W. 7 leagues. 

L. What is to be obſerved in ſailing into Plymouth Sound ? 

A. If coming from the weſtward and am got round the Ramhead, I muſt 

ive Penlee Point a good birth, by reaſon of a ledge of rocks that lies off 
— it, then haul N. N. E. + E. for anchoring, the leading mark in is 
Plymouth Church, open with the welt part of the Citadel. 

In going into the Sound I may anchor in Cauſand Bay, in 20 fathoms, 
with Penlee Point S. W. and the town of Cauſand W. N. W. 

The leading mark to carry me in between the Knap and Shovel, is 
Plymouth old Church, on with a white patch on the Hoa. 

I may go into the Sound on the eaſt fide, between the Tinker and Shag- 
ſtone, by keeping Mount Batton a ſail's breadth open of Staden Point, and 
keep in that direction until Maker's Church bears N. W. and Withy Edge 
open, then haul over to the eaſtward and anchor. 

. How do you fail into Hamoaze ? 

A. I would keep Kingſand open of Redding Point, until the large Houſe 
at Stoke touches the Eaſt fide of Mill Bay; ſteer in until the Obeliſk comes 
on with Block Houſe Point; keep in that direction, till the eaſternmoſt 
Summer houſe on Mount Edgecomb Side comes open with the Point within 
which it ſtands ; then ſteer for it, until the eaſt point of Mount Wiſe comes 
open with Block - houſe Point; then ſteer mid-channel for Stone-houſe Pool, 
till Drake's iſland is ſhut within Block- houſe Point: I muſt not open it till 
South Down comes open with the Obeliſk, then ſteer up the harbour with 
the fide of Drake's Iſland juſt touching Paſſage Point, which will lead me 
to the ſouthward of the Harbour ſhoal, on the outer part of which chere is a 
rock, with only 16 feet on it} but on any other part, there is 34 fathoms. 

N. B. The marks to know the Sound when I am coming from ſea in the 
day time, are, Ram Church, which ſtands to the northward of the Ram- 
head, and a ſquare tower ſtanding on the higheſt part of the land, 

9. You are bound into Falmouth, how would you proceed ? 

4. In going to Falmouth, there is a rock, called the Block Rock, with 
a pole on it, and ſhews itſelf at half tide; it lies neareft to the weft ſhore ; L 
may fail in on either ſide of it, but the eaſt fide is the beſt. If I would ſail 
into Carrick Road, I muſt keep in the fair way, and my lead going, as there 
1sa narrow deep channel all the way, of 16 or 18 fathoms. I may borrow on 
St, Maw's fide in 5 or 6 fathom, The beſt anchoring in Carrick Road, is 
St Maw's Caftle E. S. E. and lay my eaſternmoſt anchor in 16 or 18 fathoms, 
and my weſternmoſt anchor in 4 or 5 fathoms. Jutt paſt St. Maw's there is a 
ſand that is ſteep to, called St. Maw's Sand, and lies almoſt half channel over. 

N. B. Great ſhips anchor, with Manacle Point, on with the Point of 
Falmouth, or a great houſe, that is to the weſtward of Penryn, juſt open 
Trefuſis Point in 18 fathoms—The Manacles lic from Falmouth about S. S. E. 

9. How do you know the Lizard when you firſt make it? 

A. It is the ſouthernmoſt land on the coaſt, and may be ſeen 7 or 8 leagues 
of, in 42 fathoms, 

2. How does the Land's. End appear when you make it ? 

A. It appears in hummocks with a ehurch on it, and may b: ſeen 7 or 8 


leagues off, in 54 fathoms. PP 2 What 
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\ 
2. What are the dangers off the Land's End? | 
A. Many: —iſt, The Runnel-ſtone lies about 16 miles S. S. W. fon 
Tol. peden- pen with. 
2d, N. E. by N. from the Runnel- ſtone there is a rock, called the Lew. 
mean, which appears at half ebb, with a paſſage between it and the main, 
ſcldom uſed by any but coaſters. 
3d, The Wolf Rock; bears from the Land's End S. W. by W. diſtagce 
3 leagues ; it is ſmall and may be ſeen at half tide ; the largeſt of the Brazen 
Rocks, kept open of the outermoſt of the Long Ships Con which there is « 
light. houſe erefted) will lead me clean to the weſtward of the Wolt, 
4th, The Long Ships lie N. W. by N. about 3 miles from the S. W. point 
of the Land's End, and 1 mile W. N. W. from the weſternmoſt point; they 
are high, and may be ſeen 4 or 5 leagues off, 
5th, The Kettle bottom, is a ſhoal with only 6 feet on it, and lies about 
half. way between the northernmolt part of the Long Ships, and the wel 
point of the Land's End. 
6th, The Breſamrocks lie about 3 miles N. E. by N. from the Long Ships, 
7th, The Seven Stones are a row of rocks that come not above water, but 
the ſea always breaks over them; they lie from the Land's End W. S. W. IS. 
diſt, 7 leagues ; and from St. Martin's Head, Scilly, N. N. E. diſt. 3 leagues, 
9. If you are forced into Mount's Bay, where would be the ſafeſt an. 
choring ground? 
A. Mount's Bay lies between the Lizard and the Land's End ; there i 
a high Iſland on the eaſt fide, and a Caſtle on the weſt fide of it, called St, 
Michael's Mount; from the eaſt fide of it lies a ledge of rocks, near a league 
into the ſea; the Coaſt is full of rocks, and not ſate to anchor in. To fail 
into the Bay I muſt bring St. Paul's ſteeple W. and keep over to the welt 
ſhore, and make St. Clement's Iſland, which is before the town of Mouſe. 
hole, having the caſtle on the ſtarboard fide ; 1 ſhall then ſee a large ſandy 
bay, and, when within the Iſland, there is a good anchoring in 7 or 8 fa. 
thoms, land- locked from all winds. but a S. E. wind. 
| 2. If you are bound, or forced to go into Scilly, what would you do? 
A. I would ſteer for St. Mary's Sound, and run in for the ſouthernmoſt 
. point of St. Mary's Ifland, called Penniois Point, minding to keep the lead 
going, and approach no nearer than 5 fathoms water; about N. W. of 
| Penninis Point, a little more than half a mile, is the Woolpack, the ſhoal lies 
| near to the ſhore; I muſt continue to run in 5 or 6 fathoms, keeping pretty 
| cloſe to St. Mary's Iſland, to avoid the Spaniſh Ledge, which lies about half 
a mile W. by S. from Penninis Point; ſome part of this ſhoal may be ſeen 
at low water, and part of the Woolpack ſhews itſelf before low water; 
when I have got abreaſt of the Woolpack, to which I muſt givea good birth, 
| about a cable's length, and ſteer for the Stevel Rock which is bold to; when 
| I am abreaſt of the Stevel, muſt ſteer N. W. by W. until little Crow Iſland 
comes on with Bantſcarren Point; then ſteer N. N. E. until Crow Iſland 
comes open a ſhip's length of Bantſcarren Point, or bring the caſtle, which 
is on St, Mary's Iſland, to bear S. S. E. and anchor in 6 or 5 fathoms 
water. 


| 
| 
| 
| 
| 
| 
| 
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N. B. The foregoing Queſtions and Anſevers bawe been examined by ſeweral experienced 
Naval Officers, 2c h only dijagreed in —— farticulars reſteci ing the working of elf #t .. 
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REMARKS 


CALCULATED TO ASSIST 


COM MAN DERS 


WHEN COMING INTO 


THE BRITISH CHANNEL. 
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8 Mariners know that their reckonings are always uncertain, in pro- 

portion to the length of their ſeveral paſſages from the times of their 
laſt departures, it is natural to ſuppoſe that they muſt, when approaching 
toany difficult and dangerous navigation, experience great anxiety of mind 
for the iſſue. As the Britiſh Channel has proved fatal to many, it may 
fairly be ranked among thoſe places which are deemed dangerous to ſhips, 
in their approach after long paſſages ; and, therefore, all thoſe who are en- 
truſted with the conducting of ſhips through it, ought to acquire ſuch know- 
ledge as may enable them to perform the duties of their important office. 
Channel coaſters, by the frequency of their paſſing and repaſſing through 
it, acquire ſuch knowledge as thoſe who are employed in foreign voyages 
cannot pretend to: hence it becomes neceſſary to furniſh the latter with 
ſome uſetul information; more eſpecially, as it is next to impoſſible for 
the human mind, when engaged in various purſuits, to remember every 
neceſſary article ; ſuch as the courſe and diftance from one place to another, 
the preciſe ſituation of rocks and ſhoals, and the direction and ftrength of 
the tide in the various places. Commanders of ſhips, when coming from 
abroad, and about to enter the Britiſh Channel, muſt be exceedingly 
anxious to accompliſh the ultimate deſign of their voyage, by bringing 
their reſpeRive ſhips ſafely into port. o the aſſiſtance of ſuch, the fol- 
lowing obſervations are intended to contribute: they are founded on ex- 
perience, and will, if properly cbſerved, prove highly ſerviceable, eſpe- 
cially when long nights, or thick weather, augment thoſe dangers which 
attend the Channel navigation. 

Ships, in approaching the Channel from a long paſſage, ſhould not only 
try for ſoundings in time, but run, if poſſible, in the latitude of 49® 25? 
North. Having, in that parall-l, got ſoundings in 82 fathoms, fine white 
ſand with black and yellow ſpecks, you may be ſure that you are near the 
outer edge of the bank; and about 50 leagues to the weſtward of Scilly. 
By running 16 or 17 leagues further to the eaſtward, in the ſame parallel 
of latituge, you will have go fathoms, fine white ſand; and continuing 
to run 4 leagues more to the eaſtward, you will ſhoalen your water to 82 
fathoms. Scon afterwards, you will have 72 and 75 fathoms, fine white 
land, with ſometimes a mixture of green; and in proceeding 16 0r 17 leagues 
further to the eaſtward, in this latitude, you will have 72, 75, 77, and 80 
fathoms, The ſoundings will be, for the moſt part, fine iand, but dif- 
ferent in colour; ſome of them will be white ſand, mixed with yellow 
ſpecks; and others fine green ſand, with ſome mud. In the latitude of 
48* 23' North, and 61 leagues to the weſtward of Uſhant, lies the Sole 
Bank. It ſtretebes about S. S. E. and N. N. W. 12 leagues in length and 
4 in breadth; and has 64 fathoms on it, fine grey ſand, _- 
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The 8 are the Soundings in the Parallels of 48 20", a7 
48 30', with their ſeveral Depths of Mater and Diſtances from thy 
Hand of UsHANT. 


Diſt. from Depth j 
QUALILY OF THE SOUNDINGS. | pth in 


UsHANT Fathoms. 
Leagues. | E 5 5 
52 — | Fine grey ſand, mixed with black F «| — 62 
3 Fine grey ſand, mixed with ſmall ſhells and 
49 0 broken bits . . . non 
46 — | Grey ſand, mixed with bits of brown fhells <| — 119 
rey ſand, mixed with bits of ſhells and 
43 brown ſand . . 
40 — | Grey ſand, mixed with bits of ſhrlls and gravel | — 117 
37 — | Grey ſand, mixed with ſhells and gravel «| — 104 
35 — | Grey ſand mixed with ſmall cornet ſhells . — 110 
32 — [Sand, mixed with gravel, ſhells, and ſmall cornets | — 108 
29 — | Whitiſh grey ſand and flat ſtones 1 . »| — 308 
24 — | Light grey ſand, with bits of ſhells . » | — 100 
21 — | Coarſe ſand, with bits of cockle ſhells x | — 98 
8 Light grey ſand, with bits of brown and Py 
N low ſhells, and ſmall ſtones X a 


15 — | Light grey ſand, mixed with barley-beards »| - $3 
14 — | Whitiſh grey ſand, bits of ſhells and fine cornets | — 


1 Light grey ſand, mixed with barley-beards 
and ſmall ſhells G N . 
9 — | Fine grey ſand, with bits of ſhells 2 of 1 
Grey ſand, ſpotted with red, and mixed with 
8 5 
bits of ſhells ; F . _” 


6 — | Whitiſh coarſe ſhining ſand, with fine ſhells ; — 0 


CI coarſe ſhining ſand, mixed with voy 
8 ley beards and coral . AS. 65 
2 — | Whitiſh coarſe ſand . . . . | — 64 


When running for the channel in latitude 492 25, which is the beſt 


latitude, and you have run ſo far to the eaſtward as to ſhoalen your water 
to 65 or 67 fathoms, and the ſoundings are ſhells and ſinal] yellow ſtones 
or red ſand, you may thence conclude that you are abreaſt of Scilly ; or if 
you have 68 fathoms, white ſand with grey ſpecks, and ſometimes ſhells 
and ſtones, Scilly will then bear about N. E. from you, diſtance 10 leagucs. 
Your ſoundings will always inform you whether you are to the northward 
or ſouthward of Scilly, In the latitude of Scilly you will have oazy 
rome in 60, 65, 75, or 80 fathoms. W. N. W. 10 leagues from Scilly, 
ies Jones's Bank, on which you. will have but 30, 35 and 40 fathoms; 
and, a little to the ſouthward of it, you will have 72 and 75 fathoms, In 


running for the channel, in the latitude of 49“ 3o', you will have the fol- 
lowing depths of water and ſoundings, when you are abreaſt Scilly ; name- 
„60 fathoms, oaze and broken ſhells ; 64 fathoms, white ſand with grey 
pecks; 65 fathoms, ſhells and ſtones; and 55 fathoms, fine grey ſand, The 
 ſoundings, 


{ 
| 
| 
| 


REMARKS, &c. 309 


ſoundings, near Scilly, are very different from all others in this latitude: 

ieces of rotten rock, as broad as a ſmall bean, and of a ſtone colour, will 
come up with the l-ad, which will not be the caſe any where elſe in the 
ſame parallel. More to the ſouthward you will have deeper water, with fine 
ſand, interſperſed with black ſpecks like ground pepper, In the night, or 
in foggy weather, you ſhould come no nearer to Scilly than 60 tathoms; for, 
in that depth, you will not be more than 6 or 7 leagues from it. Abreaſt 
of Scilly, in the latitude of 4.99 20“, you will have 70 fathoms, branny, or 
yellow and white ſand; and, to the eaſtward of Scilly, in the latitude ot 400 
8, you will have 56 or 58 fathoms, coarſe and. You ſhould then fteer 
more to the northward, and endeavour to make the land about the Lizard; 
you may ſafely make it in the night, as well as in the day, if the weather 
be clear ; for the light-houſes ſtand ſo high, and the Coaſt is ſo clear, that 
you may, without danger, come within half a mile of the point. If the 
weather prove ſo thick that you cannot ſafely make the land, come no 
nearer to the Lizard than 45 fathoms; for, in that depth, you will uot be 
more than three leagues off the point : your ſoundings there will be pebble 
ſtones and ſcallop ſhells, 

Ships, when coming into the channel. ought always, if poſſible, to make 
the land about the Lizard, becauſe it is the provereſt place for a land- fall; 
and ſhould they afterwards meet with thick weather, which frequently hap- 
pens, they will not only know how to ſteer, but alſo how they advance up 
the channel, which will become more and more neceſſary in proportion to 
the contraction of its boundaries. Some, by neglecting this precaution, 
have, contrary to their expectation, got on the S, fide of the channel. 
This error is greatly owing to the ſtrong indraught between the iſlands of 
Guernſey and Jerſey, and the coaſt of Britanny, which ought always to be 

arded againſt, eſpecially in thick weather, It frequently happens that 

ips, coming into the channel, have not had an obſervation for ſome days 
back, which, together with the operation of ſcant and contrary winds and 
the ſetting of the tides, tend to perplex and bewilder the moſt experienced 
mariner, when thick weather prevents him from getting a fight of the land. 
The variation of the compaſs in the entrance of the channel, t ken on board 
of his Majeſty's ſhip Europe, in October 1782, was 239 14 W. but as the 
variation is continually increaſing at the rate of about a degree in every 
$ years and a half, it will be neceſſary to add 11 minutes for every year, 
ubſequent to the year 1782, which will give you the variation at any time 
pretty exact, 
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[+ $1] 6x1] 51] 52] 64] go] 31 90] 69 208404 
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33 64] 49] 43] 49] 65/7100] 4g] 17] of 25] 7: 
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38 79 64] 60] 67] 86] 20] 71] 40 22] 5118601 
39 82] 68 . 7o| 924 LAL 374__56}__07 
go [vo35[9271154671667416594 [7125 [7279 |/050| 9425522885014 
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TaBLE II. Difference of Latitude and Departure for! Point. 


— ——— 
| nit Lat, [Dep Diſt | Lat. | Dep Din Lat. Dep Diſt Lat. Dep [Dif Lat. Dep 
M _— G0. 0 61 60.91 03.01] 121]120.9105.9j} 181 1%0.$]c8.G]] 241] 240.7}11.5 
| 12.6 0. 1 62] 61.9] 03-c|| 22121. 05.01} 82|18$1.$|c$.9 21 241.7|11.9 
- 303.0 fo. 1 63] 629630 23/1229 56.0 [ 83, 182.8]:9.c}} 43] 242.7jt1.9 
4lo4.0 0 2 64 63.9103-1j] 24}123.9]06.1 84 183•8 09.0% 44243702. 0 
2 of. o 00.21} 65] 64.93.20 251124-9 06.1 85 184.8 [09.1 450244 712. 
: 6lobeo oo. 3 66 5-9] 93-2 2625.8 6.2 $6 185.8 09.1) 40/245. 7 rz. 1 
N 707.0 0.30 $7 66.903.300 27 126.8 [06.2 87,18 8 03.21] 47] 246.72. 1 
1 $18.0 [90-4 || 68 67.51 03+3 »$1127.8]26.3 £$|187.8]cge2j| 4247.72. 2 
(| qlog.o o. 4 69 68.c| o3. 4%] 2cj128.8[06.3 89| 188.8 9.3 46] 248.7[12.2 
7 10 fo. o 100+ 5 | 69.903. 40] 38 29. 8 [06.4 92 139.8 2930. 5<j 249-7 [2.3 
eres nige. see. 7 79-5 25 25007 [243 
vi 1112.0 00 · U 72 71-9} 93-5 32131. 8 06. 5 92 191.809. 4 $2|251.7]12.4 
10 1013.0 o. % 73] 72 9 03.60 3332.86. 5 931192 8169.5 53] 252+7|12.4 
n 14114.0 [90-7|| 74] 73-9 ©3+6|| 3411:3-5[26.6 94093. 99.50 54} 253+7]'2e5 
12 151g. %. 751 74-9 03.7 351124 8 6. 6 951194 8 99. 6 550254.7 2.5 
3 W 161.6 ofoo-Si} 76] 75.910370 361135 8 [06.7] 96195. 8 [9 6 $61255.71j12.6 
14 17117.0 oo. 8 77 76.0 OJ. 8 -f136 5 06.7 97 196.8 9.7 57 256.7 12.6 
.o Co. 9 780 72.903. 80 580137. 8½˙ 8 995 19786. 38,253.72. 
10 10019. 0 0.9 79 78.903. 9 391138. 8 06.8 99198 809.8 590258.712.7 
17 | 20 20.0 0. 0 80 79.9] 03.9 4ej139 9 06.9 — 199.5 29.81] 6c 259-7128 
18 Rs Te $1] 80.904. 141140. 8 [o. 9 201 zc0. 8 09.9 2610260. 712.8 
*. | 11 22.01. 2181.94. 00 421141 8b 7. o oz 201. 80.9 62ʃ 261.712. 9 
29 | 3123.0 21.11} $3] 82.94. 43/142. 807. 0 03 202.8j10,0|| 63/ 262.712. 9 
21 | 24|24.0 07-21 $4 83.904. 1 44|143-3|07.1]| 04203. o. 64263. 7̃ 3. 0 
22 2528.05.20 85] 84.9 04˙2 45014 $ 07.1 oõ 204. 8 10, 1 650 264.73. o 
27 | 20 26. 0 01. 3 86 85.9] 04-21} 46045 8072 95 [205•8 10. 1 66/265.7 cg. 1 
4 | 27127. 1.3 $7] 36.9 04.3 4746 807. 2 7 200. 80.2 67] 266.7j13.1 
2 168.0. 4 85] 87.94.30 48114 807. 3] os 207. 7 ro. 2] 680 267.713. 2 
26 | 10 20.0 %. 4 89 88.944 40 148.8 fo. 3 o 208. 7 to. 3 69] 268.713. 2 
27 2 0.01.0 95 89.9 22 30149. 3074 10|209.7|10+3 70 269.7 33 
2 J 57.0 91.691 90.9450 151 50.80% 4 211210. 70. 4 271] 270+7113+ 3 
15 | 32 32.01. 60 92 91.94. % 52 151.8807. 5 124211. 710.41 72271. 7113.4 
30 | 3363.0 91.6 93 92.9 04. 6 52'152.8 97.5 13 1212.70. 5 731272.7113.4 
{1 | 34 24.0 91.7 94| 93-9 04.0 54 153.8 07.6 141213.7l0. 5 T4} 27J+7113+ 5 
52 | 3538.0 1. [ 95] 84. 04.7 55/(184.8 7. 6 1524.70. % 751 274+7[13+5 
11 | 36126.0 [21 96, 95.9 04.7 <6 155.5 07.7 161215. 7̃0.6 766275. 7113.6 
34 | 737.0 01.8% 97 96. 2.8 571156.810 7 171216. 70.7] 77] 276.7113.6 
35 38.0.9 98 97.5 4.8 580157. [07.8 1822.70. 78/272.7J13.7 
3b | 2912 0 . %% 90 98.91 04-91] 59j153-517.5j} 19]215-7 10.80 791 275+7|23.7 
57 | 4040. o 02. 0 100] 09.91 94.9 600159. 07.9 — 2197 10.5 2 279+7 13.8 
55 | 41 41.0 520 "101 100.9050 761700 8 57.91 221 220.710. 0 281 280.7 13.8 57 
vl 41.9 (92+) 02 101.9 o. 62 161.5 [8.0 2212217 10. 9 82] 281.7113.9 l 
40 4} 12.9 32.1 034102.9 OS+1 631628 8 C 23[222-7}l1.C 25 282.7 13.9 ' 
41 | | 463.9 2. 20 4103.9 05+1 64163.8 03.1 241223. 7; 1.0 84 253.7 14.0 4 
42 | | 4544.9 P. 2 o5[104.9] 05+2 0764. 8.10] 25}224+7|1r.1]| 85/284.7 14. 0 * 
43 | 46 45.9 [02.2 o6 [105.9] 052 66[165.5 08.2 261225.7111.1 86 2857 14.1 l 
44 | 47 46.9 02.3 07 106,9| ©5+3 | 6-1166.8 8.2 271226.7 111.2 87 286.7 14.1 | 
4 | 4 37.924 o [107.9] 05+3 681167.5 0d. 3 28[227.7]11.2 88 287.7 14·2 g 
5 | 49 {43.9 2. 44 09 108.9 05:4 69 168.8 [08.30 291228711. 3 89 283.7 14.2 J 
1 9.9 02.5] 1009. 25.4 70 169.88 4 3812275 2 4282.7 14-3 | 
L 5150.9 22.5 r11]110.9| 955} 1711170.8192-4|| 2311 239+7 114 2912907143 , 
b 5251.9 . % 1211.9 55 72 17r.803.s|| 32231.71˙4 291.644 
a 352.9 [92-6 [112.9] 05-5] 731172.8[08. [ 331232+7 1715 9312926440 
5 653.9 [22-7] 14[113-9 05.61] 741173.8 28.5 341 223+7]11+5i] $4] 233+6 14+5 
l | S$154.9 [22-7] 15 114.9} 05-0 781174. 88. C 35] 234+7 115 9516294 4.5 
2 5655.9 oa. 8 1615.95. 7675.8 860 3623821 962956145 
7 57 56.9 02.4] 1776.9 057 77 176.8 [08.7 7236.71.60 97 256.614. 
} | 857.9 52.9 1801) 9 0.8 780177.8 8.7 38232217 33/2764 
25 958.92. 9 19118 „es. 81 79/178.8 8.80] 39 238.71. 991 298.6147 
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TABTE II. Difference of Latitude and Departure for 2 Point. 


| 
iſt Diſt | Lat. | Dep Lat. Dep Diſt Lat, | he, 
61 121| 120.4 11.5 180.1 17.7 241 |23968)277 
62 221214119 181.1]17.8| 42 240.827 
63 2 23 122.412. 0 182.117.990 43 241.02 
64 3 24 | 123.44 12.1 183.118. 0 44 242.917 
65 5.4 25|124-4| 122 184.1]18.1\} 4<|243-4)., : 
66 5 26|125.4|12.3 185.1|18.2, 46 244.824 
67 . 0 271126.4112.4 186.118.3 47 245.824. 
68J 67. 71 28|[127.4| 12.5 187.1118.4 4240.80 
6 68.7106.7 291128. 4112.6 188.118.580 45247. 4. 
70 69.7105.8]] 30]129.4|12.7 1$9.1]18.6|} 501243.%|24.c 
71 9131130. 412.8 190.1018. 7 757 247 7 
72 o 2131.42. 9 191.1018.80 5225.84 
73 * 331132. 413. 192. 218.9 $3|251.8/24.1 
74 „ 34133. 41132•˙¹4 193.1190 54 [252.81 24.q 
75 3 35] 134-4 [13-2 194409 55|253.5|25, 
70 41 361135.3113.3 195.1119.2| 85 254.8250 
7: *5|| -37] 136.3]13-4 196 1119.31] 7255.802321 
78 56 38 137.3113. 5 197.019. 4 58 59.25.21 
79 7 39138. 313. 198.00(19.5/% 59/28/8254 
80 8 401839. 313.7 199.0196 60 278.8 27.0 
81 9 141140.3 13.8 200.019. 7 "201 259.7 25.4 
$2 0 2141.3 13.9 201.0019. 8] 62200. 25• 
83 1 43142. 314. 0 202. 019.9] 63261. 7 25. 
84 2 441 143-31[14-1 203. 020.0 64262725. 
$5 31 45}144.3114-2 204. 020. 1 65263. 720.2 
80 41 46]145.3114-3 205. [20.2 66 264.7 26. 
87 51 4746.3 14.4 205. 0020. 2 67265.7 20.2 
88 6 48ʃ147.3 14.5 207.0020. 3] 68266. 726. 
89 749 148.3[14.6 208. 0[ 20.4 691 267.7264 
gc} 89. 608.8 50149.3 14.7 209. 020. 5] 70268.7 26. 
23.0 990.6 ½%8.9 151/150. 314.8 210.0020. 0 277 269.7 20.8 
93.1 92 .6109.0f]} $52{151.3014.9 211.020. 7 21270. 726. 
03.2 95 609. 1 $31152.3]15.c 212. 0[ 20.8] 73271726. 
03.3 94 509.2 $41 153.3015.1 213.0020. 9 741272. 726. 
23.41] 9: 599.3 5154. 3152 214. [21.0 75273770 
23.5 90955940 $S6|155.3Þ15+2 215.0 21.1[ 76/274.) 
93.61 9; 5 09. 5 57] 156.2[15 4 216.0[21.20 77275777 
23.71 95 509. 6 581157. 2115.5 217.021.300 78 1276.7. 
33.8 9: 59.7 59 158 2115.6 217.921.410 79 1277.77. 
53.9 [to 99.5109.8 91159. 2115.7 218.921.510] 80278727 
1010100. 509.9 161] 160.2[15.7]] 22129. 921.0 281[279.6½7 
02 5 Ho. o 621161. 215.8 220. 921.7] 821280. 627 
3 5. 63{162.2[15.9 221.9121.8\] 83 281.627. 
04. 0. 5 0. 2 64/163. 2116.0 222.9] 21.9] 84j252.6127.9 
4. of 5 to. 3 5! 164.2[16.1 223.022. ů[ $5] 253.6125-0 
4. O65 4 66 165.2 16.2 224.9]22+1 86 234.6128 
24 « 071106. 5 5 7166.2 16.3] 27|225.9|22.2 7285.68. 
4. o So. 681167 2116.4 4226.92.30 882856. 6125-3 
C4. 09 .5{10.7]] 691168. 2116. 227.922. 4 89 287.6018. 
4. IC to. 8 70169. 216.6 228.922. 5 © 288.628. 
25.01] 171 9 711170. 2116.7 229.9220 291 289.6 28.6 
05.11] 12 ol 7271.26. 8 230.9] 22.7 9220.68.“ 
765 21] 13 1 73172. 216.9 231.9122.8]} 93 291.6028. 
755.3 14 2 7473.2 17.0 232.9022. ] 9429265 
54.75.40 15 11.2 75/1742 17.1 213.123.000 95|293-6|29-0 
55.785. +4 10 . 7 75.2117.2 234.9123. 1 96 | 294. 6129-1 
56.755. 6 17 11.41 77] 176.2117.3 235.923.200 971295-6129-2 
57.7 [26.71] 18 11.5 78] 197.1017.4 236.9423-3i}. 95} 296-6129-3 
58.75. 8 19 11.61 79 178.177. 5 237.023.444 99] 297-61294 
$9.7125.9 2c 11.7 8c 179.17. 6 238.823. 5 300 298.6 29-5 
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TABLE II. Difference of Latitude and Departure for 3 Point. 
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Lat. Dep. Diſt | Lat. |Dep|Diſt] Lat, Dep Diſtſ Lat. | Dep Diſt | Lat, | Dep 

Z<| 00.11 64} 60.3]08.9}]| 12/119. 7017.7 181[179.0126.5)} 241j235.4| 35-3 

z. c 00.2] 62 61.31cg.1 22 120.717. 8 82/180. 0 26.70 4:1229.4] 35+5 

o3.c] 4 $3] 62-5]29-2]} 23/1217 18.0} $3]1$1.0]26.8]] 43j249.4] 35-6 

o4.c] 99.6} 64] 63-3]29-4]] 241122-7 18.20] 8482-027. [ 44j241.3] 35-5 

04.9] 00.7] 65] 64-3129-5 251123.6j15.3 $[183.0[27.1 4<1242.3] 35-9 

05.9 88.9 660 5. 309. „ 26[124.6]18.5} 8618407 - 3 4<1243-3 36.1 

0b. 9 01. 0 6] 66. 3129.81! 27125. 618 5$710155.0127-4]] 471244-3 36.2 

07.9] 12 68] 67.3}10.0}| 28126. 8.5] $£]4$6.0j27.6]] 445.3136 4 

o8.g] 01.30) 64] (8. 20. 1 291127. tS.gf $gj1$6.9}27.7]] 4:1:46-3] 39-5 

09.9] o. 5 7<| 69.2110.3f} 30 128.609 1 goſi%7.9 cb 36.7 

10.9] 01.6 7 o. 20.4 131]129.6fig.2 191 188.9 28.0 25 4248.31 36-5 

11.6] 01.5] 721.2. 0 321130. 619.4 289.9128. 2 52249. 3137. o 

12.9] 01.9] 72] 72210. 2 330131619. 931199+9 28.3} 571230. 2137.1 

13.80 02.1] 7/73. 210.8 [ 34/732. 519-6[ 94191. 28.51 5431.321373 

14.8] 02.20 75} 74.210 351133-$]19-5| 9511929 28.61 -5<1:52.21 37-4 

15.8] 02.30] 76! 75-21 360134-51'9-9f 941939 28.7 5e 53. 237.5 

16.8] 02.5} 75] 76.21.20 37/135. 520. [ 971949 28.9 5, 54.237.7 

17. oz. 6 75] 77. 11.4 35jf26. 520. 2 98/95 9· 0 5*1255-2 37.8 

18.8 oa. 81 791 78. 1]t 1. 0 301137. 520.4 99/96.8 292 5 256. 2138.0 

19.$] 02.9 586/7911740 38. 5120. 2097-523 6c ]:37-2 38-1 

20.8 31 $1] 80.11.91 14/135. 5120.7] 201 195.5295, 20 258.2 38.3 

21.8] oz. 2 32] 81.2.0 421140. 50. 8 ozj199.5129-6 6.1:39-1{4 35.4 

2.5] 03.41] $3] 82. 1012.2 43/1414 1.6 03190-8295} 6:1260. 1 38.6 

23-7] 03.5 54] $3-1]12.3j| 142.421 If} 04 201.8]29.9]] G.j261.1] 35.7 

24.7} 93-7} S5] 84.425 451143-4|21-3]} 95 202.8130.1 6-1262.1} 35.9 

25.7] 03.3] $6] $3.1112.6j| 46[144.4|21.4]] 06 203. 830.2 6263.1 39-0 

26.7] 04.0} 87] 86. 112.8 471:45.4}21.6]} 7. 7304 6,264 1139.2 

27704. 1 88] 87.0 2=9 ] 4¼/746. 421.7 5.7395 6*]265.1]| 39-3 

28.5] 04.3] 89 88.0013. 491147-4[21.5j] og. 730. 6, 6: 266.1] 39-5 

29.7] 04. 4] 99] $9.c[t3.2 co[148. 422.0] ic[207.7]30.S]] 71267 .1] 39-0 

30.7] 04. 5 gi] 90. 0013.3 1511149.4122-1]} 241[205-7130-9]} 27% 268.1] 39+7 

94. [ 92] 91.c|13.5 211 50. 322.31 12j1299.7|31-1 721269.01 39-9 

O04. 8 93] 92.0113.6 S3}151. 3122-4 1314210. 731.2 7:j270.0] 40.0 

c 94] 93.0f13.0 $4{152. 3122.6] 14111-71314 741271.0] 49.2 

1 95] 54.3.9 551153-3J2-7]] 15]212+7131-5}] 751272-0142+3 
301 90 95.0141 56154. 31]22.9[ 1013.738317 773-05 | 

7+1} all 97] 5.94.2 5$7Þ155-3023-<Þ 1714.6 31.8]} 7:1274.01 40.6 
T1 9896.94.40 58/156 3123-2} 1 218.632. 0 75.0] 40.5 | 
+3] 7 9% 97.90/14. 5 5957. 3023.3 19166321 76.040. 9 
744 off 10] g8.g}14. 7) 6c[15$. 223. [( 2c[217-6132+3 — 41.1] 
2 0 101 99.40 4.8 t161]159.2]23+c 221 215.0132-4 9141-2 F 
7 0 2} o too. 5. o 62]160. 223.8 22ʃ219. 62.0 91414 | 
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50.8[21.0}] 18/106. 3j44-©j; 751161. 767. o 35/217. 159.9 95 272. 6112.9 5 
51.72.40 16j107. 2! 40 761162. 6157.4 3618.0 %. 3 96 273. 91713. 3 5 
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10 18. 2/08. 61 80| 72.3134. 2j|_ 40/126. . 2201150.8) 85. 5} 6: | 
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TazLt II. Difference of Latitude and Departure for 4 Point 


CTC En C——ncn nn nn een nn ——_—_— 
Diſt] Lat. Del Din Lat. |Dep|\Dift | Lat. | Dep [[Dift | Lat. | Dep. Din Lat, | 
II oO. 7o0. 71 61043. 143 1 121} 55.0% 85.6 1828 0 128. 00 24: 7 >. 
2401. 401. 4 6263. 843 8 22] $6.3] 86.3]} 82/128.7128.7 29.4170 

3] 02. Iloz. 1 6344 5-5 23] $7.0} 87. 00 83 129.4 — - 1.1774 
o2. 802. 8 6445. 345 3] 24] 87.7) $5.71} 8430. 1130. 1% ; = Art. 
oz. 53. 5 65]46-0j46.0]} 25] 83.4 58.4 $51130.8}139.8 FM 
og. 204. 66146.7146.71} 26] 39.1] $9.1 $6 131.8131. 5 pt "73+2117342 
704. 904. 9 67147-4[47+4]] 27 $9.3] 89.8 3732.201322 * 3 91.139 
o. 705.7 68048. 148. 1 28 90. 5 90. % 88jr32.01132.9' 2 „ 

06. 406.4 6948.8 68.8 29] 91.2] 91.20 89 (33. 61133.6 pi 2.45 

e- Ale z 22-2. . 381-9 94.934. 3034.8 176.9196 
07. * 710582 50.2 1311 92:61 9260 791ſT35. 1073501 27525 . 

8. 5108. 5|| 7205.9 5.9% 32 93-3] 93. 9535.813580 8517.48. 
2.20, 226.852. 334. 3.6 530736. 5136.5 530158. 
e 
: f 853. . 51 95 5 95. 51137.91137. {|18 — 
11.31.31 7653. 753. 7 36 96 2 2 — 138.6 138•2 30 4 
12.0|12.0] 77154-4154-4 7] 96 9] 96.91} 971:39-31139-3]] 57 82. wy 

12. 712.7 78155.2[55.2]] 35] 97.6] 97.61} 98/40. 0.40. 50 182. 152. 
13.4013. 4 7955•9 55-90 39 98.3] 98.30] 99/740. 740. 7 59018 "A 
14.114. $0156.6156.6 _42] 99-0] 99.c}| 200[141.4 141.4 60 1338 — 
14.8 14.5 "$1157 3057-3] 241 | go.-\| 201 — — 

99.7] 99.7] 201142. 10142. 100 2610784. 80184. 

15.615. 6 8258. 058. oH 42 100. 4100. 4 021142.81142.8]}} 62118 - 

16. 316. 3 8358. 758.743 [lor 1101. 1] 03j143.5]143.5}] 6: bla! 
17.07. 0 84]59.4|59.4]] 440101. 8001.80] 041144. 21144. 2 64 136.5 — 

17. 77.7 85/60. 160. 10 45 [toz. 5202. 5 051144. 9144. %% 65 187 * | 
418.4 86060. 8 J60. 8 461]103.2[103.2}] ©6[145.7]145.7]| 66 188.1018 

19.10 8761. 561. 5 oz. 9toz. 9 7146. 4146.4] 67 188.8 33.3 

19.8 88062. 262. 2] 8104. 604. 66] 0851147. 11147. 1 66 18 = # 

20. 5 89j62.9162.91] 49[105.4j105. 091147. 8147.80] 69 *. 4 

21.2 _99]53.6163.6 2 106. 1106.1 100148. 5148. 5 70 oe. %% 

77 9 gil6g. 4.1751 106. U 7149.207402 Sil el 

22.61] 92065. 165. 1 $2|ro7.51107. «| 12 — * 72 ny — 

23-31} 9365. 8865. 8 53 ros. 208. 2] 13/150. 61 50. 6 73 9. + 

24. 0 9466. 566. 5 54 ros. 9108.9] 14/157. 3 151.3 74 193.7 — 

24.7 95/67. 267. 2 55 fog. 6109. 6 15j152.0[152.0f} 751194 Jet 

25.5 96167.9167.9]] 56110. 3110. 3 1652.715270 76 198•2 ++ 

26.2 9768. 668. 6% 57jrrr.ofrrr. off 1711534 153.4 77 3 

26.9 9869.3 69. 30 58111. 711.7 151154. 1015410 75 198.8706 
27.6 99%. o o. o 5912. 4/112. 4 19154. 8154.80 791197. 31197 

8.3 _100170-7 70-7 0113.101137 200155. 6155.6 80 698. o[198.0 

29. 71.4|71.41] 161rr3.8[r13.8 1156.301563 281 7198.7 

297 72. 172.1] 6214.5 77 22 <p. . 82 POR 

30.4 72.8 2.8 63115. 3115. 3 23157. 7157 7 $3200. 1200.1 

31. 1 og73. 53. ff 64|r16.0[116.o]} 240158. 4/1 58.40 84/200. $200. 

31.8] os 74. 2 4. 2 656.7116. 7 25/159 159 10 8520. 50 

32-5 74.974. 66[rr7.41117.4]] 261159.5 159.8] 86202. 2202.2 

[33-2 75-7 75.7 678. 1118. 10 271160. 5jx60. 5]} $7]202. 9202.9 

33-9 76.476. 4 68 18.8 118.8 281161. 2161.2 88 203. 60203. 

134-6 77. 177. 69119. 80119. fl 29/162. 9167.9 891204. 3]204-3 

[35-4 77-8177-8} 220.120. 2. 36/82. 6082. 80 991205. 11205-1 

36-1 78.5 78.5) 171 128.9120, 2311163. 31163. 3 "2911205. $205. 

136.8 79-2179+2 72 121.6 179 321164. 00164. 0] 92/2065 206.5 

32 (29-9 79-9ff 7322.301223 331164-7[164.7]] 93]207-21207-2 

38.2 | 9. 6 80. 5 74/22. 00123. 0 341165 51165. 5 94/207. 9% 7) 

38.9 31.3 81.30 75/123. 7123.7 35/766. 2166. 20 95 208. 6,208.6 

| 39. 6 82.0 B2. 0 76[124.4|124.4]}] 36/66. 966. 9 96 209. 30709. 
| 40+3 - wh 2.7 771125-2 125.20 371167. 6167. 6 971219. 0jz10-6 

| 111. 93-4 3•4/ 78 125.91125.9 3$1r68. 31168. 31] . 7100-1 

| 147-7 1 41 791126.6 126.61] 391169. 0169. [[ 99 211.4½11•4 

E Gil 48} 80/227. 31127-3]| . 71] ee 
| Lit. Dep Lt. Bil Dep. Lat. |[DiR'Dep. Tat. Dit Dep. L. 
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TIE III. Difference of Latitude and Departure for 1 Degree. 


ee er hg | Lat: pg pn | Lats | Dep [Dit Leg. pep pin Lat. |Dep 
5. 4 ＋ 5575 61 6100T. 1121 121.000 1 187[18T.053˙1 241/241. 0 2 1 
1.1 20.0] 62| 62.0(o0r.1]] 22/122.0/02.1]| 82182. 003. 10 42j242.0 jog.2 
778 oo. 1 63] 63.001. 1 23123. 002. 1 83183. 003. 2 43ʃ243.· oog. 2 
1.5 do. 1 64 64.001. 1 24/124. 000. 1 84/184. 003. 2 44j244-0 [04.2 
3.2 90. 1 G65} 65. oo. 1 25/125. Oo. 2 85/185. oſo;3. 2 4512450 4. 2 
3.9 20.1 60 66. 001. 2 26126. oo. 2 386186. 003. 2 46|246.0 jog.2 
4.6 90. 1 67] 67.0|01.2 71127. oz. 2 $7[187.0103Z-2j] 47247. o [04.2 
5.4 50.1] 68] 68.0jor.2\| 28/128. O00 2. 2 88188. o0ſo;3. 2 48248. 0 104.3 
6.1 00.2 | 69 69.0jo1.2j| 29129. 000. 2 89189. 003. 30 49}249-0104.3 
6.8 0. 2 70] e. en. 39% 39. % 2.3 goltg0.0103-3)} 5o[z50.0 04.3 | 
I 7. 71.000. 1 1311310. 31910191. 003. 3 251]251.0[04.3 
8. 0. 2 72} 72. 0%. 3 32 132.002. 30 92192. Ooſo;. 3 $21252.0{04+ 3 
3g oo. 2 73} 73:0}Þ1-3)} 33/133-0102.3)} 93/193. 003. 3 $3]253-0|04-3 
9.6 0. 2 74 74. 00. 3 34134. O0. 3 94194. 003. 3] 5254. oo. 4 
0. 0. 30 , 75} 75-35 35-02. 3 5595.03 4 555-0644 
1.0 00. 3 76 76.000. 3 306/136. 0j. 4 96196. 003. 4] 56/256. 0 04. 4 
1.7 00.3 777. oſor. 3 37h37. oſoz 4 9797. o[o;3. 4 57/257. oog. 4 
1.4 05.3 281 78.ojor.4}] 38138. 002.4 980198. 003. 4 580258. 0 04. 4 
3-1 00.3 791 79-©0Jor.4 39 139-02. 4 991199. O0 Oo3. 40 59259.0 04.4 
3.3 00. 4 80 $0. e. 401[140.0192.4]} 20%. 003.4 _ 60j260.0 o. 5 
4.5 00.4 Ii. or. 4 141\141.0102.4\} 20101. 003. 5 261]261.0 04.5 
5-3 00.4 82 Sz. oo. 4 42[142.0402.5}} o2[202.,0j03.5)h 62262. oo. 5 
6.0 2 $3} $3.0jor.;5}} 43/143. oſoz. 5 o3]203.0[03.5\} 63263. o ſo4. 5 
6.7 00.4)| 84 84.0001. 5 44}144-0j02-5]] ogjz204.0103.5)} 64264. o og. 5 
7.411 00. 4 $5] 85. 0001. 5 451145.002.5)} o5|z205.0103.5)} 651265.01o0g.6 
8.1 00. 5 86} 86. oo. 5 46146. 0002. 5 o6[206.0\03.5)| 661266.0J04.6 
$$ 0. 5 87 87. oo. 5 471147-00z.5)| o7|207.0J03.6]] 671267.0104.6 
9.5 00.5)! $$] 88. [Oo. 5 4848. 002. 6 o8j208.0103.6]] 68j268.0ſ04.6 
0.2 oo. 5 89 89. 001. 6 491. 000. 6 og9ſz09.0103.6/} 69269. o fog. 6 
0.9 0 00. 5 90 90. oſor. 6 50 . P. _roj210.0 o3. 6 _ 701270.0 04.6 
1.6 4 7765 g1 91.0jor.6 "151 [151,0j02.6 2T1|211.0103.6|] 271 271.0104.7 
2.3 3243240400, 6 g2| 92. 001. 6 5215. O2. 6 12[212.0j03.6)| 721272.0104.7 
3-0 33133-01006} 93] 93-0jor.6j| 33/153. n. r31213.0103.7] 731273-0104.7 
3-7 4. oo. 6 94 94-0jor.6} 54/54. 002. 7 1414. 003. 7 741274+0194.7 
4. $4x435-04006i{ g5| 95.001. 7 55155. 002.7 15215. oo; 7 7575. 004.7 
5. 36.0. 6 96 96.0jor.7j| 561 56.002. 7 1616.03. 7 76276. o fog. 7 
5. . oſoo. 6 97 97.0jor.7}| 5757.02. 7 177. o. 7 771277+0 104.5 
b, 638. oo. 7 98 98.ofor.7|| 38158. 00218218. 003. 8 780278. oog. S8 
. 30 39. 0.00.7 gg] 99. oo. 59159. 0002. 2 19219. o 03.2 791279.0J04.8 
$.0 140.0109. 7, 100[100.0jor. 7} 601160.0J02s 201220.0103.8 _ $0]280.0104.8 
v7 wr 41.0 80.7 101 tor.olor.$\} 161/161.0/02.8)} 2211221.0 03.8} 281]281,0104.5 
9.4 4:142.0{400.7)} o 102. Or. 8 62/162.0j02.8f] 22 zzz. o ſo3. 8] Szj282.0j04.8 
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3.1 ... 9 . 10|110.0jor.gf| Zee. Pz. 2 391230-0104.0 __ $9]290.0j05.0 
5. | $i/3r6,0{00..gf} 17 [x1t.ofor.gh} 171[t71.0[03.0) 231]z33.0j04.0)| 291091. 5. 6 
d.5 | $i[$2.0100.9}} 12 fla. co. 9 721t72.0J03.0) 3232. oog. o 9229. o [05.0 
7 2 soo. 13/13. Oo. o 73.73. O] - o 331233+01j04.0)} 9 1293-0 05.0 
17 .o 9 1414-00. 0 740/74. Oh. o 34234 004. [ 94/294-0[05-0 
5.6 desen. e 180118. c off 25/75. 0 03.0 35/238. oog. o 95/95. oſoß. 1 
Jo] } $6 56.0j0t.0|| 16j116-0foz.of} 7676. o. o 36236. 00. 1 961296.0j05.1 
vos » $f157.0101.0) 17 117. 2.0 77. op. 1 37237. O04. 1 9797. oog. 1 
7 1 $153. 0jat. o 18 18.0%. 1 78[r78.0j03.1}] 380238. oO 04. 1 980298. %0. 1 
4 9. ooo 19 19. %%. 1 79/79. 0% . 10 39239. 004.1 99449 Q5.1 
bog $0.0 al. o 2zo{120:0jos.1f} YojrSa.ofog.il} 40240. oog. 1 300ſ300.0105.1 
u. Le Dep. LZ. Pi Dep. Lat. [Diſt Dep. [Lat.||Dift] Dep. Lat. 
1 : for 89 Degrees. 
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TazLE. III. Difference of Latitude and Departure for 2 Degrees, 


— ——c_———_—_ — EEE tin —ʒ —ͥꝙ —L—yF——— 


Diſt 


61 


if 


| 61.0 


62] 62.0 


63 
64 
65 
66 
67 
68 
69 

70 
71 
72 
73 
74 
75 
76 
77 
78 


rere 
> 


1 o Conwy + + + « [ 
2 


9999898 8 2 
eee 


Oo 
2 2 
2 
| 
«.} = 


Y 


99998 


222222090 
. ss. 
O OD © bed ©. 


8 


See. 
* 


22 <q aq <1 44 
\S © Q© © gta << <2 © &v 


22 


Oo 8 


O 
* 


n /. ens a CD 
WW n= MH HH - =w ww 3 3EvGEO 


888 8 
rr 


. * 1 . * . . . * * * = 
SIS OF OO OumunwndÞd + oC ww 


„ % „ „ 0 0 08 


| 


0 0 88 


* 


© 
wn 
*2-1 © S S&iannindÞd o 


S © OS QO of Qc<y 


O © Wo « 


O 


11 


9898988 
S 2 
r 5 


© 


> 


Www „ 9 x» 0 0 


oO 
» © — — + 0 © © 


| 
&© 
++ 


3 


E 


for 88 Degrees. 


wt 
— 


22 


12 
— 


I 


- 


* 
= 0 t 


— 2 


Oo 

8888 
eee © ww 
OO OWODOWOoOvowvowow uv ou uw 
WIHDM 0 tH S 

oO S Gww au 


09 OW GH 


33888888 


© 0 © © O& oa 1 6.0 


my mi 
OO OOO WO vo vo ow uo 
Www uw 0D NN ». 


© © 


\S 


Oo 0 © © 


9 


1 


23 


— 


50151 oO aun 


— — — 


D 


GKN 


eee 


28 
. 


|: 
I 


mm O © © © © Gow - G& 
OO MGC 6 


OO oO oWvoOogovoOvsoO ue 
W U „ © Ov 


| 


© 


00984 43 Oinumncep > ww 
OGC 


SS I» „ » 


EEE 
4 1 ln an an 


© 
to 
LT) 


eee © ao ww 
w HH -—-O ODD © 


* rr 


FS 


. 
— 


1 211. 


: 
— — 


| 


| 


" 0 09© © ©aoyuy do 


Diſt Lat. [Dep ||Diſt | Lat. 
1810180. 7 59.5 247240. 7 
82181.7 09.5 4202477 
$31182.7j09.6!| 43/2427 

* 7 * 
64163. 99.6 440243. 7 
25184.7 7 45/244-7| 
8618 5. 700.7 46245712 
87/186. 709.8 47246. 7 
881187.7 09.81 481247 7 
398 709.9 490248. 7 
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16/215.7|l1.3]] 76275. 6 
17216.7 t. 40] 77276. 6 
18 217.711.400 78277. 6 
190 218.7 [fl. 5 791278. 6 
2002 19. 711.5 800279. 6 
I- Ie 
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231222. 711.7 830282. 6 
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261225.7|11.8)} 86285. 6 
271226.7j11.9]} 87ʃ286.6 
281227.7|[11.9]} 88287. 6 
290228. 7 [12.0 390283. 6 
300 229.72. 0 900289. 6 
2311230. 12.1 291290. 6 
320231.71· 2.1 2291.6 
33 232.712.200 930292. 6 
34/233-7}12-2}| 942936 
351234+7|12-.3}} 951294-6 
361235-7]12.3]} 96295. 6 
371236.7112-4 71296. 6 
38237.7/t 2.5 + 951297 6 
39238.7 12.5 . 9912956 
451239 7112.6 _3901299-6 
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tor 87 Degrees. 


omen GC ED — — — — - 
—_ * — 4 8 CY * 


Ld 


2 +4 
oe. 


. 


— 
222 po ++ 
I» -» —_ O cen 


%» A % we 8_Hwe 


— 
5 
t- 


— 


oer 


nenen e wy enen 
* * ® * * * * 


TAnTE III. Difference of Latitude and Departure for 4 Degrees 


Diſt|Lat.[Dep|[Di&t| Lat. |Dep ||Diſt | Lat. |Dep||Diſt| Lat, Dep||Diſt| Lat. D. 
tjot.ofo0. || G61] 50.9 fg. 3 1211120.7 S.4)| 151)180.6(1256 PT 
202. o oo. 1 G62] 61.9 [04.3 22121. 78. 5 $82j18x.6112.7 hh 

/ / 42 241.4 16. 
3193.0j00.2}} 63] 62. 8 fo. 4 23 (122.7 8.64} 83[182.6[12.8 43242.4}1; ö 
404. o. 3 64] 63. 8 4. 5 24123. 7 8.60] 84j183.6{[12.8 440243.4 „ 
5; ooo. 3 65] 64.8 [04.5 25 1124.78. J $5j1184.6[12.9 4024.4 = 
6196.0100.4}| 66] 65. 8 04.60 261257 OS . J 86188. 613-0 45 245.4 4 
77. ooo. 5 67] 66.8 [04.7 271126. 708.9 7186.6 13-0 47 240.4 Bj 
sos. oſoo. 6 68] 67.84. -[ 28[127.7 o8.9]] S8[187. 5113.1 48[247.4 5 
g9j0g9.0100.6}} 6g} 68.8 o. 8 29128. 79. 00 8gj188.5|13.2]| 49 248.4 Wy. 

ee. ee. 70 69.8 04-9}} 391129.7 09.11] 90189-51320 5o[249.4 * 

1111. ooo. 8 71] 70.8105.01) 131130. 7 [0g.1 "191 190. 513.3 251.2504 yp 
12[12.0100.8]] 72} 71.8ſos.of| 32137. 7%. 2 92019 1.53.4 52[251.4)16 
13013. [00.9 73] 72.851 33 132.769.330 930925135 53 252.4176 
1414-001. 0 74] 23.805. 2 34/1337. 30 941193-5[13-5]| 54ʃ 253.417 
15015. 001. 75} 74·8 [05.2 35/134. 7% ô 4 95/194-5[13-6}| 5502544011 
1616. oo. 10 76} 75.8 o. 3 36135. 79. f 95ſ(95.513. [ 561255441153 
7117.oſot.2f} 77] 26.8 05.4 2136.7. 50 97/96. 513.70 571256.4 17 
18018. 001. 3 78] 77.8 [05.4 38737. 7 09. 60 980197. 5013. 580257418. 
1919. 001. 3 79} 78.8 [of. 5 39 138.709. 7] 99198. 5 590258.418. 
2029. 24.82 79.8 05.6 _401139-7 09 .8]} 200199. 5 6o[2 59.4 118.1 
210 20.901. 5 $1] 80.5105.7]] 141140. 709. 8 207200. 5 2751 760.4 N. 
2221.91. 5 82] 87. 8ſoz. 7 42141. 709. 9% ozjzor.s 620261418. 
2322.91. 6 83] 82.805. 8 431142-7110.c|] ozj:202.<5 631[262.4|18.1 
24123+9|01.7]} 84] $3.5j05.9]] 4143. 7 to. o ogjzo3.5 64/262.4 18.4 
2524.91. 7 85] 84.8 [o. 9 45/44. 7 lo. 1 o5[204.5 6 5264.48. 
2625.90. 8 86/ $5.8106.0]| 46145. (0. 2 056205. 5 66]265.4|18.: 
27126.9]01.9]} $7} 86.8 [06.1 71146.6jto.2]} o7j206.5 671266.4 18.6 
2827.90. 0 88] 87.8 [o6. 1 4$[147.6[10.3]} o8[207.5 680 267.418. 
29123.9102.0}} 89 88.8 06. 2 49 148.60. 4] og 208. 5 69 268.418. 
329.221. 99 89.8 06.3 50149. 60. 5f[ 1ojz0g.5 701269. 4/18. 
3130.90 2.2 gi} 99.8 06. 4 151150. 60. f 27 7 210. 5 2710270. . 
3231.9 02.2 92 91.806. 4 52[15r.6[10.6}| 1211.5 721271. 3 10.0 
3332.9 02. 3 93] 92.806. 5 531152.6j10.7]} 13j212.5 731272. 319.0 
34|33-9102.4 94 93.806. 6 541153.6[10.7}| 14ʃz13.5 741273. 310.51 
3534.90. 4] 95] 94.8 [06.6 5554.60. 8 r5jz14.5 751274. 3119.2 
36135.9192-5}] 96] 95.806. 7 56155. %o 162155 761275.3119.2 
37136.9102.6}} 97 96.8 06.8 571-56. 6 10.5 171216. 5 771276. 3119.3 
38037. 902.7 98 97.8 [06.8 58857. 6 [.o 18217. 58 781277.3119.4 
3938.92. 7 99] 8. 8 [06.9 5958.61 10 rgſ218. 5 791278.3 19.4 
29.2 02.8 roof 99.8 07.01] G60{[159.G|rr.2}} 202195 80[279.3119.* 
41040. 902. 9 toit. 8 [o. o 161160. 611.20 221 220. 5 251 280. 319.6 
42141.9192.9]} O10. 8 [% 1 6261.61. 3] 22221. 5 821281.3 10.7 
43/2. 903-0 03/02. 807. 2 6362.61 4/][ 232225 831282.3 10.7 
4443.93. 1 04j103.8107.2|| 6463.681140 2423.5 84/283. 3119-5 
45144- 9193-1] 051104.7107.3]] 65[r64.6|ir. 5 2524.5 8512843 19-9] 
4645.90 3. 2 06105. 70. 4 66[r65.6|i1.6]] 26[225.5 862853199 
476.903. 3 071106.7[07.5Þ] 57166. r. 6 2726.5 871286. 3120.0] 
48047. 903.4] o8[107.7107.5]] 68167. 61.70 28227. 5 881 287.3 20.11 
4948.93. 4 09108. 70. 6 6968.61.80 294228. 516. 89288 320. 
52149 210g. ez. U 2069.61.80 30/29.416. 900289. 3120-2 
5150. 903.6 11110. 7%. 717170. 61.9% 233[230.4[16. [[ 2911290-3129-3 
5281.93.60 [17.7.8 7271.61[tz c 32[231.4 92291304 
5352.93 7 r3jt12.7107.9}} 73/T72.6[ 12.10 331232.4 931292. 320-4 
$4153-9]93-3]] 14{113.7107.9]} 974[173.6112.1 341233+4 941293-329-5 
$5154-9193-8j} 18014. 708.0 751174.6112.2 3<Þ 34-4 95|294- 3 [29-6 
$6155.9103.9]] 166115. 708.1 761175.6 12.3] 36j235.4 961295-3 20.6 
$7156-9j04.0] 17116. 708.2 7776.62. 30 3736.4 g71296. 3129-7 
58157.9104.0} 18{117.7[08.2 781177.6{12.4]] 3837.4 98297 3 20. 
$9158.9194.1}} r9|118.7j08.3]} 79[x7$8.6jr2.5]| 39ʃ238.4 g9|299-3 20.5 

— 52.204. 2011.2 8.4 8079.62.80 49ʃ%½ 39.4 3001299. 3 [29-7 

Diſt [Dep |Lat. IBI [Dep. |Lat. || Diſt! Dep. Lat. Bi | Dep. Diſt | Dep [Lat 

| tor 86 Degrees. 
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TABLE III. Difference of Latitude and Departure for 6 Degrees, 


— — 
; nn. 
ö 
Diſt Lat. [Dep ] Diſt | Lat. Dep |Diſt Lat. |Dep || Diſt | Lat. Dep. Diſt Lat. Dey 
10. D 1 61] 60.7 96.4127 [120. 312.6181 13$0.0!15.9| 241 2307 
2402. o oo. 2] 62 61.706. 5 2212132. 7 32[181.0/19.0)} 4240. 77 
303. 00. 3 63 62.706. % 2322.3 12.9 8382.09. 1 43/241. 7E 
4194.0j00.4} 64 63. 6%. 7 [ 24/123. 3/13. 0 84183.09½ 2% 4442. 778. 
505.0100. 5 5| 64. 60%. 8 25[124.3/13.1]] 8584.09.30 451243.51;; 5 
606. ooo. 6 66 65. 606.9 26125. 313. 20 $6 135.019 41] 40j244.6/z; -| 
Jo oſoo. 7 57] 66. 607.0 27[126.3!13.3j] 871186.0{19.5)} 4245.62 
8ſo8. oſoo. 8 68] 67.607. 1 2827.33.40 858187 19 oil 451246.612;.c| 
908.900. 9] 69] 68.607. 2 29[128.3/13.5!)} 89188 0119 s| 49 247 .6|2/ | 
roſ09.9j01.0] 70 69.6.3 30[129.3/13.6]| %%; % 5048.26 
11010. 90. 1 71 70. 6%. 4 131130. 313.7 [7791 5.5 0.6 251249•6026•7 
121.901. 3 72 71. 607. 5 [ 32 131.313 8 2190.9 20. 10 52 250. Gh. 
1312.90. 40 73 72.607. 60 33132.3 13.9] 9391.90.20 53251626. 
14/13. 90. 5 74 73.607. 7 [ 3433.30 14.0 9492.9 20.30 54 252.6126 . 
1514.90. 6 75 74.6% 8 35 134.314.170 95/193.9 20.40 55[253.6]: 
16615. 901. 7 76] 75.607. 9 36[135+3/14.2 96[194.91[20. 5 56 254.6026. 
17/16. 901. 8 [ 77] 76. 608. 0 37136. 2014.3 970195. 90. % 57[255.6125., 
1817.9 01. 9 781 77.608. 1 38 137.214 4 981196. 920. 58 256. 6025.0 
198.902. 0 79] 78.608. 3 39138. 214.5 9997.9 20.8 [ 55 257.627.1 
20019. %. 1 80 79-68. 4% 4139. 214. 200198. 920. 0% 600258. 6%½7 2 
21020. 902. 2 $1] 80. 6%. 5 141140. 214.7 [ 201199, 1.0 2610289 ½⁵ 27 
22021. 902.30 8281 1 2141. 214.8 o2 200.921. 10 621260 6 7 
2322.92. 4] 83 $2.5{/03.7]] 43[142-2114.9]] o3|201.9j21.2|| 63261. 6ʃ27 
2423.90. 5 84] 83. 508.80 443.215. 0[[[ 4202.9 1.30 64262. 527 
25124. 9% 02. 6 85 84. 508.9] 4 A. 215. 2 [os Zz03. 9%. 40 65263. 527 
26025. 902.7 [86 85. 509. 00 4645.2 15.3 06204. 91 66264. 5127.) 
2726. 902.8 7186. 5 og. 1 71746. 215. 4 07 z05. 91.0 67 265. 5027.9 
28027. 802.9 83] 87. 5ſo9. 20 48747. 2 15.5 o8 206.9 [z1. 7] 68 266. 528.0 
29028. 803. o 89} 88. 5 ſog9. 3 49 148.2 15.6 09 207.921. 8 69 267.5123 i 
30029. 803. 1 90 89. 509. 4 50149. 215.7 10 208.8 21.9] 70268. 228.2 
803.2 91] 90. 509. 515150. 25.8 21109. 822-01 271 269. 5125.3} 
03.3 92] 91.509. e 52151. 215.9 121210. 822.2 72270. 528.4 
03.4 9392. 509. 531152. 2 16.0 13211.8 22.3 73[271.512$.5] 
03. 6 | 941 93. 509. 8] 54153. 216.1 144212.8 22.40 74 272. 5123.6] 
03.71 95] 94.509. 9% $51]154.1116.2 15213. 822.5 75j273-5j28.7 
03.80 96 95. 5 [ro- o 566158. 116. 3 16214. 822.6 76274. 5123. 
03.9 97 96. 50. 1 57156. 116.4] 1715.8 22.7 7775.58. 
04.0} 98 97. 5to. 2 58157. 1016. ; 18 216.8 22.8 78276. 529.11 
04-1} 99 98.50. 3 59158. 116.6 191217.8[22.9]| 79 277-5125. 
04.2j] 100] 99.5j}10.5]] G6o[r59.1116.7 201218..8]23.0j] 80 279. 5129-3] 
04.31 10! 100.4 10. 6 161[160.1116.8|| 221 219.8|23-1T]| 2511279. 5129. 
04.4] 02[101.4[10.7]] 62|161.1}16.9 22220. 823.2 2 280. 4129-4 
94.5 0o31102.4[10.8]] 631162117. ůʃ[ 23 (221.823.300 83281.4ʃ29 
O04. 6 041103.4110.9]] 641163.1]17.1 24 0222.8 [23.40 $841252.4129-6 
04.7 [os ſtog. 41.00 651164. 117.2 25 223.8 [23.5 85 283-4129 7 
04. 8 06 frog. 411. 1 66/765. 117.3 261j224.8]23.6|} $6[284.4/29.5 
94.9 706. 411.2 671166. 177. 5 27 [225.8 23.7 8728 5. 430.0 
05.01] o8 107. 4]. 3 68167. 117.6] 28226. 7] 23.8 88 286.430. 
05. 1 09 108.411. 4 69 168.117.729 227.723. % 89 287.430. 
05. 2 10[109.4|11.5]}] 70169. 177.8 30 [228.7 24. 99 255. 4130-3 
05.3j] 111]110.4|11.6] 171/170. 17.9 231]229.7[24.1]} 2911259.4139-4 
95.41 12[111.4|1t1.7]] 721171. 1J[18.0][ 32230. 724.20 92 290.43. 
05. 5 1312.41.81 73 72.018 7 331 231.724. 3 93291. 430.0 
05.60 1413.41.91 7473.001820 34232. 724.5 944292432, 
95.7 [ 15j114.4|12.0f} 75[174.0|18.3 350 233.7 4.60 95½93•46%9. 
os-91 16[115.4]12.1}}- 76[r75.0;18.4|| 36234.7 24.7 96 [294-4399 
06.0j|- 17]116.4[12.2]} 77j176.c/18.5]] 37235. 724.8 971295.4131-0 
06. 1 18[117.4]12.3]] 78[177.0;18.6 38236. 74.0 98 [296.4|3!-! 
05. 2 1918.32.40 79 178.0018. 7 39 1237.75. 0 99 [297-4131-7 
06:3] 20119. 312. 5 38079. 0018.8 238.725. 30oſ298.4131-4) 
Lat. Diſt Dep. Lat. Diſt = Diſt Dep. Lat. Diſt [Dep. Lat. 
for 84 Degrees. 
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TasLE III. Difference of Latitude and Departure ſor 7 Degrees. 


— — - F — 
in Lat. Depſ Diſt Lat. Dep|| Diſ Lat. [Dep Diſt |Lat. Dep | Diſt| La-. Dep. 
151.0 5.11] 61] 60.5074 tan 14.7 181[179.6]22.0 "2411239-2 29.3. 
452.00 00-2 62) 61.5]07.5}| 22j121-1114-9 21180.6|22.2 42j249.2[29.5 
$1o3-0| 00-4 63) 62.5197+7 23/122.1)15.0| 8311816223] 43]241-2]29.6 1 
04.0] O0 · 5 644 63.5078 2423151 841182. 6022.44 444242-2129-7 
195-0 00.61] 65] 64-51]27-9]] 25/1241 15.21 $5]193.6422.5!} 451243-2 29.8 
{106.0} 00+ 7 66] 65.51]95-0© 204.3 801184. 622.7] 40/24 - 129.90 
86.9 00.9 67] 66.5 08. 2| 2712655 27185. 622.8 471245-1130-1 
$07.9] 91-0 68] 67.5 08.3 281127.0115.6/}} $8]136.6]22.9] 45]246-1130-2 
958.9 01. 1 69 68.5 08.40 29 123.C,15-7| 89 157.6 23.0 491247-1139-3 
Age 2 20/129-0115.3|_g01135-6123-1) 501242 21304 
1.9 51.71 70. 5105-61] 1310130. 0ſt. 0 191 1870 J 3 2511249-1]30 © 
1211.01.50 72 71.5 8.8 3213.06.10 92190 6123.4] 521252. 130.2 
13112˙6 91. 73] 72.58.94 33 132.0 16.2 93119194235 3312511 30.8 
1439/1700 74 73.469 34j133-© 16.30 94j192-5]23-6} 34252139. 9 
15/14-9 01.8 7 74- 4109-1 35]134-0 16 7 g9<1193-5$1[23J-7;} 35253-131-0 
1005.91.90 7 75˙4˙3 300135. 0 16. 96197239] 560254·1/½7•2 
1116.9 02.1 77 76.4194 37 139.0 10.7 97 195.5124. 5712532 31.3 
87.9022 781 77-4199+5 381137. 0 16.8 98190. 24.1 $$1250-1 31.4 
1018.9 02. 3 79 78.49% 39 138.0016.9% 99|197-5]24-2|| $91257-113L-5 
eee e eee eee eee 
71120.5 02.6 81 80.410999 141 139.917. | 201199 915 — 1259 1005¹ 8 
12121. 8102-7] 82 81.410. 0 2140.97. 3 O2 1200. 54. 0 621260. 31.9 
2342-8 02 · 5 83 82.4 ahi 341.9174 | CJ|20101. 5] 7 621251.GCH32.0 
43.8002. 9 84] 53-4[19-2j| 44 142.9417-5]] C42. 524. [ 641:02.0132-1 
104.803. [ 85 84·4 10.4 4114 9117-7 051203+5 25-9] 65129 3.01323 
2 25,0 03.2 $6] 55.4 10.5 40 144. 97.8 006 1204.5 Z5. 1 C24 - 83.4 
27 26-3 93-3| 87 86.3010. % 47]145-9{17-9]} 9712954 25.2 672550325 
2977.8 03.4 881 37.3119+-7| 451146 9118.0 05]2-0.4 25.3 651266 32.6 
2915.8 oz. 5 89 88.3 to. 49/47 91810 091207-4 25.4) 60126700 32.8 
729. 03.7 go] 82.3] 1.90. 145 22 e . 701205.013249 
©31139.8 03.8]] gi] 99-3 111 5107435 g9| 154} 211 209 425.7 2711269.0133-0 
31.8[03.9 92] 91.3812 521150. 913.5 1212194 25.8] 721270.0133-1 
332.8004. 00 93) 92-3 11.31 331151 218. 131211.4125.9'] 73}271-0133+-2 
14133+71, 94-1]| 94 Q3Z+3jiLe5 541152.S405+7Þ 14|412.4 :6.1] 74171-91334 
35134+7] 94-31] 95] 94-3 [1.6 353.8078. 1 26.20 751272-9]33+5 
26135-71} 94-41] 9 95.3f11.7 $611 54-5119-0 161214.4149+-3 -61273-9433+0 
$7136.71 94-5} 97] 99-31" 8 57\155.8119.1]| 171215-4120-4| 771574+9133+7 
3813771 94-6] 95] 97+3 11.9 58158. 19.2 181216.4|26.5] 75 275-9133+9 
3933.71 94-3] 99 98.3}12.1]| 591157-$119-4|] 19]17-4 26.7 791276.9134-0 
45139-7194: 91] 100|_99-3 12.20 6ojr58.8119-5j} 2012098 26.8] 801277-9134-] 
41140. 705. 0 101} 190-2 12.30 61]159.${19.6|| 2211219+3120 9, 2311278.9{34+2 
241.70 . 10 02|101-2|12-4 62160. 819.7 22220. 327 0[ $21279-9134+3 
42.705. 2 03/1221. 5 630161801980 23|221-3]27-2]| $3 230. 9134-5 
443.705. 4 04|193-2[12+7 644162. 8020.0 24]222+3]27+3 $41231.9134+-6 
404.705. 50 05|104-2 12.80 65163. 82010 254223+3 27.4] $51282.9134+-7 
4045. 705. % 6105.2 12.9 66j164.5 — 26224. 3 27.5 $61233. 9434-3 
4.605. 7 706.213. 671165.7 20.3 27225.3ʃ 27.60 $71234-8134-9 
847.6005. 8 o8[107-2 13.10 681166,7[29+-5 28 226.327. 71 $3]2$5-8]35-1 
40048. 6 O. o 09 108.2013. 30 6967.7 20.6 29 227.327.940 $9j286.8135-2 
80049 - 6 80.1 101109. 213.4 70 168.7 20.7 30228. 28.0 go(2$7.8135-3 
51050. 6000. 2 111] 110-2113 5 1 1711169.7 20.8 2311229.3[25.1 "291 2838.8135-4 
$2151.6106.3]| 12|111-2113 61] 72[170-7]29-9]| 321230+3 28.3] 921239.8135+5 
53152.6106.5] 13]112-2113 81 7371.7 2110 3331.3 28.4% 931299-8135-7 
5453.6 06.0 144113. 1/13 9| 741172.7|21-2]| 34432+2 28.5]} 9412918 35.8 
$5154.6106.7]| 15}114-1114-0/)} 75 173.721.300 351233-2|28-6} 95 292.835˙9 
56155-6 96.8 16[115.1114.1 | 766747214 3623422870 96 293.836. 0 
3756. 6/06, 17]116.1114-2)} 77 175.7 21.60 371235+2 28.90] 972948836. 2 
5857.67. 10 18[117.1114+4] 781776. 712 3 236.229. [[ 98 295.8 86.3 
358.6. 19 118.1145 79]177- 7123-50] 3283231 991296.8 130-4 
0039.67. 30 200119. 114.0 S01175- 7121-9 24232 0 207.8 36.5 
5 Dep] Lat. ||Diſt Dep. Lat. Din Dep. E. Bit Pep. Lat.] Diſt Dep. Lat. 
| for 83 Degrees. | 


TasLE III. Difference of Latitude and Departure for 8 Degree, 
rr —— v—— — — — 
Diſt Lat. [Dep ||Diſt | Lat. Dey Diſt | Lat. |Dep ||Diſt | Lat. [Dep Diſt | Lat. De 

1j01.0f00.1]} G61] 60.408. 5 121]119.5116.8 [1811792252 | 241 28.5.7 

2 ſo2. ooo. 3 62 61.4/08.6j] 22j120.8{17.0|| 82 180.2 25. 42 239.733. | 

33. Oo. 40 63] 62. 408.8 [ 23}i21.8[r7.1]} 83187225. 43jz40.6;: 4 

4%. ooo. 6 64] 63-4/08.9!| 24122.8 17.3 84182225 4447.64 | 

5105.0[00.7]] 64 64.409. 0 25.23.8817. 4 S5|183.2'25.8] 45 242.04.1 

6155.91j00.$!) 66 65. 409. 2 261124.8{17.5 86 184.2 25. 46 243.04. 

76.9 o. o 65] 66. 409. 3 2725.37.70] 87185 2026 C 47 244.04. 

$[57.9fo1.1]] 68] 67. 309 5 28/126.8 17.8 [ 88186. 226.20 48 245.6534. 

9%%8.9 or. 3 69 68. 309. 6 29/122 718.0 89787226. 49 24004. 

Pe 69. 3199-71] 3<[123.7j13 1 9188.2 26.4% 50 247.034˙ 

11 "9 91. 5 71} 70! 3j99.91] 131129 718.2 g1]i3g.1126.1 251 1 

1211.9101.7 721 71.310. o 21130 7 18.4 92 19014 . 5239.65. 

13 [62.901 . 8 73þ 72.300. 2 330131. 18.5 [ 931911026. 9 53 250.8035. 

1413.01. 9 74 73. 300. 3 34/132.718.7[ 94192127. 0% 54251 954 

1504.22. 10 75 74.3004 3133.78.80 9519317 / 35252.385 

1615. 802.2 76} 75. 300. 6 30/134.7(18.9 [96 194.17 · 30 56 253.8356 

1716.82. 4 776.3010. 7 37]135-7}19.1f 97195127. % 57 254 586 

1817.8 02.5 78 77.2110.9 351136.7 19.2 98 196.127 „ 58253 4135.9 

1918. 8 [oz. 6 79 78.2j11.0!}} 3937.79.31 99197. 1027.7 59 256 836.1 

2019.8 oz. 8 80 79.211. 1 gojr35.6119.5 | 200198. 122.5 60 257.86. 
21 20. 8 [02.9 810 80. 211.3 141/139.6 79.5 201199028. "261 258. 55-3 

2221. 8[03. 1 82] 8211.4 2140. 619.8 [02 200. 0028.10 62 259.36. 

2322. 803. 2 $3] 82. 211.6 43](147. 6619.90 03201. 028.3 63 260.436. 

2423. 803 3 84] 83.21. 7 4142. 620.0 o4 202. 0028.4 64 261.6. 

25124. 8[o;. 5 5 84. 211.8 45/43. 620. 2 05 203. 028. 5 65 262.436. 

2625. 703. 6 86] 85. 212. 0 46/44. 620.3 06 204 0ʃ28.7 66 263.407 

27126. 7[o;3. 8 “[ $571 86.2121 71145. 620. 807205. 0028 8] 67 264.437. 

2827. 703.9 ] 88] 87. 112.2 480146. 620. 6 o | 206.0 29.0 68'265.4137.3 

2928. 74. 0 89 88. 112.4 4947.60.70 207.0910 69,266.4/37.4 

3029.7 [04 2 go] 89. 112. 5% 50/148. 820. 9 10208. C29. 20 70 267.4776 

31030. 704.3 91 90. 12. 151/149. 521 211209. 029.4 271 208.4577 

3231.74. 5 9291 112.8] 521 50. 521. 2 12209. 9 29.5] 72/269. 4137-9 

33132-7[94-6!] 93] 92. 1012.9 53/151. 5. 313 210.929 6 73 270. 48.0 

3433.74.94 93.101310 54/152.5 1.4 142179980 7427138. 

3534.74. 9 ][ 95] 94. 103.20 5153.5 21.6 15212.9/ 29.90% 75 272.30.; 

3635.75. 96 95.1034 56/154. 1.716213. 93. 10 76 273.30. 

37136. 605. 2 97 96.1113 5 $57]r55.51[21.9 171214. 930. 2] 77 274.338. 

38037. 605. 4 98] 97.0013. 6% 580156. 522. 0 181215. 930. 3 78 275.3038. 

39038. 605. 5 99 98.013. 8 590157. 522.1 19 216.930. 5 79 276.3038. 

40139.6[05.6 |} roof 99. or 3. 9 60ʃ158. 422.3 20217. 9 30.60 $0 277.339. 0 

41040. 605 7 1010100. 014.10 16/1594 22.4 221218. 9030.8 281 278. 3139.1 

42[41.6]05.8}] ozjror.oj14.2)} 6260.42.60 22219. 8030.9 $21279. 3139.3 

4342. 606.0 o03]102.01[14.3}} 63j16r.4|22.7 [23 220. 8 31.0 $3'280. 3139.4 

4443.66. 1 04j103.0114. 5 64/162.422 8] 24 221.831.220 84 281.2139.5 

45/44 606. 3085/04. 014. 6% 65ʃ(T63.4 23.0 25 433.8031. 3 85 282.239.7 

4645. 606. 4 o6[105.0114:8)} 661164.4|23.1!} 26 223.8031. 50 86 283.239•8 

746. 506. 5 07106. 014. 90% 67165. 423.2 27 224.8031.60 87 284.230. 0 

4847. 5% 6.7 o8/toY. os. o 6801656.4/ 23.4 28 225.8031. 88 285.2040. 

4948. 506. 8 09.707. 9/1 5. 2 69 167.423.529 226.8031.9 89 [286.2 40.2 

50149. Soz. o 10108. 9015. 3 20/t68. 43.730227. 8032.0 90 282-2 82.4 

5158. 571 11109 9755 171/769.3 27231 228.8 57 2 291288. 240. 

5251. 50% 2 12110. 918.6 72070. 323.9 3222973230 92/289. 2149-6 

53152. 50%. 4 13111. 90/15. 7 7371.3 24. 1 33230. 7032.4 93 290.2 40.9 

5453.57. 5 1412.95 9% 741172.31[24-2 | 34|231-7132.6|| 94291140, 

550/54. 57. 7 [153.916.000 7573.3 24.3 35232.732.7 95 292·1½1•1 

56055. 507. 8 [ 16[114.9116.1\} 766774. 324.5 36233. 732.9 96 293-1141-2 

5756.40. [ 17]115.9416.3)} 771753246, 37|234-7133-0] 97 294-1141-3 

58057. 408. 1 18/116. 916.44 78/176. 324.7 [38 235.733.100 98 295-1141-5 

590 58.408. 2 19117 8016.60 79077. 324. 39 236.733. 3 99 296. 1/41-6 

6059. 408.4 201118. . 80lt78. 325.1 40 237.733. 4% 300 297101. 
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TABLE III. Difference of Latitude and Departure for 9 Degrees. 
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TABLE III. Difference of Latitude and Departure for 10 Degrees, 


— 


Diſt Lat. Dep Diſt | Lat. [Dep/]Diſt | Lat. Dep. Diſt] Lat. peppi Lat Lat. | Dep, 
lol. o OO, 2 9 60. 110.68 rar] 119.2 21.0 171 178.2 31.4 24112 237 5 lar. 
2192.0 00. 3 62] 61. 110.8 221120. 121.2 82 179.231. 6 42 238. 4 * x. 
3]93-0j090.4] 63] 62.0[10.9 | 23|121.1121.3} S3j150.2[31.7| 43/239¼53 042; 
4123-9199. J 64] 63.01 1] 24|122.2 21.51 84 181.231.900 44 249. 342.2 
5194-9 90.9 65 64.0 11.2 251123.1121.7 8 182.2 2.1 451241. 1 
6[25-9j01.0]] 66] 65. 01.4 26j124.1|21.5}} 86/183. 232.30 4642.3 N 
756.901. 2] 67] 66. 0011.6 27|125.1]22.0j]| 87/184. 232.4 423. 1 
807. 901. 4] 68] 67.0[11.8 | 28126. 122.2] 8801851 32.6 482 244 2 * 
958. 901. 60] 69 68. o[Tz.o[ 29 127.0[ 22.404 89/186. 7032.80 49454245 \| 
10.801. 700 68.9121 30 128.0022. 5 90187. 132.9] 5024.2 * 
1110. 801. 9 = 69.9]12.3'] 131] 129.0[22.7]] 191]183.1[33.1 "2511247 2 [43.57 
12111. 802.1 2 70.9112. 5 21 130.0022.9 0 920189. 133.30 52ʃ248.2 (3.7 
1312. 802. 3 73] 71.912.733 131. 0023.10 93/190. 1033.50 531249 2143.1 
14113-8 02.41] 74] 72-9112.8!] 34|132.0[23.2|} 9491. 0033.60] 541250. 1144.0 
15114.5192.6]] 75] 73.93.00 35|1r32.9123-4j} 95/192 0033.8 55[25r.1 [44.2 
16015. 802. 8] 76] 7483.2 36|133.9j23-6|] 96[193.0[34.0f| 5652.14.44 
716.702. 9] 77 75.83.44 37734.9 23.8] 97/194. 034.2 7 253.1440 
1817.73. 1 78 76. 8[13.5 38] 135-9123-9/| 9895.008430 58/254.1.7 
1918.73. 3] 79] 77-8 [3-7] 39] 136.9124.1]] 9g9j196.0[34. 5 59% 55. 1.) 
20019. 7-5] 8of 28-8¼73.9 % 4of 137.9124-31| 209[197.01[34.7]| 60 256.0 45.1 
2120. 703.60 81 79.8 14.5 141 138.9 24.4 201]197.9134.9]} 261 7.5% 
22021. 703. 80 82] 80. 814 2 42 139.8 24.0 2198.95. 00 6258.0 5.4 
2322. 704 - [[ 83] 81.714. 4 43140. 824.8 03699. 935.20 63/25 914 
2423.64. 2 [ 84] 32.7 [4.6 44| 141.5 25.0 o4 200.935. 4] 641260.014 
25024. 6 30] 85} 83.704.745 142.8 25.1 5/207. 938.5 6527.0 0.5 
2625.64. 5 86] 84.74.90 46.143.825. 3] 6202.935.70/ 6662.0 46.1 
2726.64. 7 87] 85.75. 10 4744.8 25.5 7203.9 35.9% 67 262.9 [46.3 
28[27.6j94.9]] 88] 86.715. 3 48145. 725.7 08204. 836. 100 68/263.9 6. 
29128. 605. [[ 8g} 37.6615. 4 49 146.725. 8] 09205. 836. 20 6924.9 [46.6 
30[29- 5195-21] 90 $8.6[t5.6|| 5o[147.7[26.0]] 10j206.8[36.4]] 70[265-9 46. 
3130. 5195-41] gr] 89.6615. 815 145.7126.21] 211207. 836.6 "271 256.9 4 0 
32[31-5j95-5 2] 90. 606.0 52 149.7264 12[203.8[36.8]| 7226.9 147-2 
33032. 505. 7 93] 91.616. 10 53150. 726.5 [ 13j209:8[36.9]] 73/263.9 [47-3 
34133-5195-9]]. 94] 92-6[16.3|| 54151.726.7 14]210.7]37.1]] 741259.5147-5 
35134- 56. 1 g5] 93.6016. 5% 55 152.6126.9}] 15)211.7]37.30 75127945 [47+7 
36035. 5. 2 96 94.5116.6!|] 56|153.6j27-1]} 16[:12.7]37.5]] 7612713147 9 
37136. 406. 4 97] 95. 5016.8 [ 57] 154.6[27-2 71213.71[37-61] 77272. 8.0 
38037. 4006. 60 98 96.57. 0 58155. 627.4] 18214.7 37.80 73/273. [45-2 
39 38.406. 8 99 97.5]17.2j] 5956. 627.60 191]215.7[38.0ff 791274-5 [45-4 | 
40/39-4126-9 100 98 562. 60 157.6 220.2 116.738.100 $0 275.7 (43.6 
41040. 407 · 10 101] 99.5617. 5 161J(158.6627.9/ 2211217.6138.3]| 281 276.7148.7 | 
42047. 407. 3 02100. 417.7 62159. 58.10 221218.6138.5}| $21277.7 [45-9 | 
43142 -3197-5]| o3[101.4[17.9]| 63160. 528.30 231[219.6138.7]| 83/278. (49-1 
4443. 307. 0 04j102.4|18.0|| 64161. 528.4 24|220.6[3$.8|| 241279-7 [49-2 
4 5144+ 3 07. 8 o5{103.4|13.2 51162. 528.60 250 221. 639.00] 85 289.7 14944 
4645. 308. 0 06104. 418.4 66163. 528.80 26222603920 86/z$1.6 49-6 
47/46. 308. 1 o7j105.4|138.6]| 67164. 529.0 27223. 5639.4 8728260. 
48047. 308. 3]] 08/106. 478.7 68165. 429.10 281224. 539.50 88283649“ 
49148. 308. 5 otro. 3018.9] 69] 166.4293 29225. 539.7 8984.6 5. | 
50[49.2108.7j] rojſto8.3[19.1]} 70] 167.4|29.5]] 30226. 539.9 90 255. 6159221 
51159-2[98.8|] 1111109.3{19.2]| 171] 168.4297 231[227.5 40.1 "291 236.6 50. 
52051. 209. [ 1210. 3019.4 72 169.429. 8 321228. 540.2 g2|237.6 |50+ 
5352. 209. 2 13/11. 319.6 73/170. 430. 0% 33 229.440. 44 93 238, 5150.5 
5453. 209. 4 1412. 319.8 74] 171.4|39-2]| 34/230. 440. 6 942895 [51% 
55554. 209. 5 151113.3[19.9]} 75/772. 3 30.30 35 231.4/40.7 95/299, 15 
56055. 1009. 7 16114. 220. 1 76/173. 330. 5 36232. 440.9 96/2915 51˙3 
5756. 109. 9 [ 17115. 220. 30 77174. 30.7 3733.44.10 97292515 
58057= 1/0. 10 18/176. 220. 5 7875. 330.9 3834.41.30 982935 51.7 
59058. 10to. 2 19.17. 220. 6 79176. 331.00 39235.4 41.4 992945 51.5 
505.11. 40 20j118.2[20.3]| $0|177.3]31-2/} 40[236.4[41.6]| 300974 8 
Din DepLat I Diſt Dep. Lal. Diſt! Dep. | Lat Bit [ep Hat. pfl Dep. Lat, 
| for 80 Degrees. 


TapLE III. Difference of Latitude and Departure for 11 Degrees. 


8. 
— — 5 | 4 
ba ta) pep ain E22. Dep | min] Lars Dep [it] Lats PS Pd Lat. [Dep 
* oro 30.261 59-9 11.6 1210118.5[23˙1 181177.7 34.51 2411230.c|}46.0 
* 202. clo. 4] 62 60.9 11.80 22ʃ119.823.30 $2]175-6]34+7 24237. 846.2 
** 3102-9 90.6 63 61.5] 12.0|| 231120+7 2 83 179.6 34•9 431238. 5 40-4 
| 02.9100+8\] 64 62.5] 12.2] 24]121+7123+7 84] 130.6135-1]| 441239-5[ 40-0 
2.24 3 9 | £ * 7 | -I 1% 28 8 8 3 
* log. 9%. % 55 63.811240 2012272398 85081-53530 45 240. 546 8 
bc 605.91. 10 66 64.80 12. 261123+7|24-0; S61152-0135-5 4624.5 37.0 
1 706. 91013 7| 65.8] 12.8 0] 27124.7 24.2] 57 (33.6]35+7 71242. 5] 47-1 
J lor. gor. 5 68] 66.7] 13-0} 25 125.6|24-4]| $8] 154+ 5]35-9]] 4%/843-4J77-3 
"| | os. Sor. 7 69 67. 7013.20 290126. 624. 89]135-5135-1}] 49]244-4[47-5 
eee eee ee eee ee 
— 7.021 71] 69.7] 13-51] 131 128,6]25.0]} 191 157-5 30-4 251 246 4147-9 
5.7 | 12 11.8 2.3 721 70.7 37 32 129+6 2 92 188.5 30.0 521247. 4 18.1 
+ 112. 80e. 73] 71-7] 13-9]| 33139-6125-4| 931199-4130-81} 53 243+ 3] 45-3 
1.0 | 14113-7192+71] 7 72.614. 1 340131. 5025.6 941 190-4[37-&[} 541539: 3 45.5 
LY 15114.7102-9|| 75] 73-6] 14-3j| 35]132-5 25.8 g5|191-4{37+2|| $5]250+» 3145-7 
14 1015.70 3. 1 76] 74+9] 14+5j} 30 133.5ʃ25.9 9g61192-4137-4]] 5951-3 43.8 1h 
4.6 | 1718.73.21 77] 75-61 14+7j| 37634 5129-1] 971 193-4 37-6] 5752+ 3149-0 
1. 7 617. 703.4] 78] 76.6149 38]/135•5 26.3 98|194-4]37-$]| 55]:53-2[49-2 
1.) 10 18.703. 6% 79] 77-5] 15+1]] 39 [39.4|29.5]| 99]195+3 33.510 591:54-2149-4 
1 J . es- . e 78-51 A e e eee 
N 178.0 04.0} SI] 79-51 15-51] 141 133.4|26+9|| 201] 197- 3135-4 2611256. 2149.5 
. 4 221 21.6104. 2 82 J 80. 5015. 0 21139.4ʃ27.1 021198.3 38. 5 62257. 250. 0 
- 6 2322.604483 81.5] 15-5} 4311494 27 31 03]199-3 38.7 631258. 2 50. 2 
7 14023. Eo. ( 84 82. 516.00 44/7437. 5% 041209-7 38.90 6459•4/59.4 
ee 25024. 5104.8] 35] 83.4 16.20 451142+3]27+-7]] 05]201-2[39-1 65260. 1] 50.6 
1 | 26025. 5105.0] 86 $4.4} 15-4 461143-3]27-9]| 06]202-2139-3 6<]:61.2] 50.3 
* 27 26. [of. 2 $7] $5.4] 19-0 71144. 328. 0[ 07]203-2[39-5 671]262.1] 50.5 
. 28027. 805.30 88 86.4 16.80 48/145. 328.20 05]224-2139-7 681263. 151.1 
. 6 20028. los. 5 89 87.4170 [ 49 146. 3128.40 09]295-2139-9 690264 C5. 3 
0 30 29.405. 7 90 88.3 17.2 0147. 2 —.— 12 20610. 10 25 265.0 715 
70 31 55.477790 91 89.3]17-4|| 1511145+2}2 211207. 1040.3 2711266.0] 51.7 
32]31.4106.1]| 92 99.3} 17-6 21149. 229.0 12/203. 1404 72]*97+C1SI.9 
33132. 406.3 93] 91-3] 17-7]| 53/159. 2 29.2 13/209. 1.6 73 268.0] 52.1 
6 241 33.4196. 5 94 92-3] 17-9] 54555-21294} 74 210.1 10.8 74099 82.3 
7 3534. 406.7 95 93301810 58015212 6 15j21r.0[41.0j} 75269-94525 
9 30035. 3006.9 96 942183 561153-112 8 16212.0 1.2] 7029. 952.7 
. 0 3736. 3007. 1 97] 9518-5 [ 3 J/154·•1¼39˙0 71213.01-4/ 771-7t-9152+9 
bs 33] 37+3197-31] 98 96.2 18.70 $81255-1]30+1 181214. 071. 6% 75]-72-$[ 53-0 
4 39] 38. 30% 4 99] 97-2 18.9 59/56. 130.3] 19215 41.80 791273. 953.2 
. 6 gol 39. 3107+ 6 100 98.2] 19-1 600157. 130. 5 20j215.9142-0 80 27481534 
. 7 4i 40. 2107.8 "101| 99. 119.3 1611155.0130-7}} 221 216.9]42.2j| 2511275 [53.6 
9 41. 208. 0] oz 100. 119.5 621159-0[39-9]} 22 217.9142.4j} 82276. 853•8 
* 43] 42.2108.2\| 03101. 119.7 63/te0. [31-10 25 218.9425 83277854. 0 
. 2 443. 208.4 04102. 1019.8 6401.003130 24J/219˙ 12.7 [8402788842 
4 4:144.2108.6|| os 103. 1020. 0 5462 0131.5 25]1220.91]42+9| $: 279-5 54.4 
. 6 40045. 208.8 06104.0| 20.2 61 162.9 31.7 26j221.8]43-1}} S01:90-71 54-0 
* 47 46. 109 - % 072105. 020. 4 674103 9131 90 27|222.5143-3} 8 81.7154.8 
. 9 447 · 1009 · 2 08 [x06 ol 20. 6 680164. 32.10 28|223-3143-5i] 8˙ 252.7]55-0 
. 4918. 109. 30 91070 20.8] 69165 9 2 4 29] 224.58 $3-7| $c 1283-7] 55e1 
K - $01 4911099 5]| 10 108.0 21.0 7cj155.9 32-4 300 223.5]43+9] _ 9<1234-7155-3 | 
5 5150.99 +7 2 109. 021.2171167 32.6 23122657 4 129 255.0 35-5 
6 51.009. 9 12109. 921.4 721165.5 32.8 2227.76.30 92:21:56 6155.7 
3 53152. 0 10. 1 1310.9 21.8 731169.8 33. 33|225.7 4.5 9 :$7.6 35-9 
0 3453. ol 10. 3 1411.91.80 74/70. 833•20 34/2252 44.00 942838. 656.0 
2 $5154.0110.5 15 1112.902190] 75 171.5 33.4 35] 239-7 44+ 9<1239.6150.3 
3 5055.0 10. 7 1613.9 22.10 76117245 33˙9 36|231.7[45-0j| 9£1290-5156-5 
i 7156. 0 to. 9 177114. 822.30 771173+7 33-$| 27] 232.6]45-2 974291 -5 56.7 
7 557.9 17. 1 18 175.822. 5 78ʃ174.734· 351233-0145-41} 9193-5 56.9 
3 058.9011. 3 1911164812245) 791175-7134+2|| 3942340145011 99 293+5157-0 
0 — 2.2 11-4 20 [117.8 22.9) _89j176.7 34-2 49 235.6 45-${\1 3951294: 5157-2 
* Diſt |Dep|Lat. [Diſt — Lat. Diſt Dep. Ear. Pit Dep: Eat. Diit Dep. Lat, 
fer 79 Degrees. 
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TazLE III. Difference of Latitude and Departure for 12 Degrees. 


| 

Diſt |Lat.|Dep||Diſt | Lat. | Dep |Diſt | Lat. Dey D itt] Lat. | Dep||Diſt | Lat. De 
xJo1.oſ00. 2 61| 59.7]12.7} 121|113.3]25 2]|"7S1 | 177-0 37+8|| 2412375 [05 
202. oo. 44 62| 60. 6612.9 22{119.3]25-4]| $82|1758.0]37-9]] 420236. 59.3 
302. 900. 6 63 61.6[13.1] 23/120.3]25.6]| 831779 ˙ 038-10 43/237, 
403.900. 8 64 62. 6013.31 24/121.3|25.8]] 84180. 038.30 4438.65. 
504. 901. o 5] 63.6]13.5]} 25/122.326.0][ 85 180.9 38.5% 4:[239.6j:; , 
Gos. 901. 2 66 64. 513.7] 25j123.2|26.2 86181.9 38.70 46[240-6|71 
7106.8 or. 5 67] 65.5]13.-9] 271]124.2]26.4|| $87j132.9]35.9|] 4241.6 51.4 
8107.8j01.7]] 68 66. 514.1] 28/125 2[26.6]] g8| 183.9] 39-1] 451242. 5c; 
908. 801. 9 69 67.5]14.3]} 291126.2|]26.8 $9 | 134.8] 39-3!] 45[243.51;1.3 
roſog.8j02.2]| 20 68. 514. % 30127. 1022.00 go| 185.8] 39.5|| 550244. 5 52 0 
1110. Soz. 3 711 69. 4114.8 131128. 1127.2 "191 186.581] 39+7 251247. 
12011. 70. 5 72] 70. 415.0 32129102750 g2|137.8[39-9]| 521246. 5152, 
13112. 702.7 73] 71.4415. 2] 33130. 1127.7 931 188.840.141 $31247+4152.6 
14]13.7102.9 74] 72.4[15.4 34j137-1 27-91] 941 159-7]49-4]| 541[245.4152.8 
15114. 703. 10 75} 73-41[15+-6f] 351132.0[28.1 951190. 740.60 551249.4/53.9 
1615.03. 3] 76 74. 315-8 36/133. 028. 30 96/191. 740. 80] $561250.4153.2 
1716. 603. 5 77] 75.3016. 0 371r34.0[28.5|| 971927 [H. o 57]251.3 53-3 
18012. [03.7 78] 76. 3076.2 381135.0[28.7]| 98193 604.2 5$8Þ252.31;3.5 
19018. 04. 0 79] 77301640 39/135.928.9 ] 99194644 591253-3153.9] 
2e 80 78.2 16.6 40 136.9 29.1 200 195.6 41.6 60 254.3 4-1 
21020. 504. 4 81 79.2[16.5]] 141[137.9 29.3 201 196.6]41.5}} 261]255.3 38.3, 
22021. Jog. 6 82 80.217. 10 42j138.9|29.5]| o2|197.6]42-0j} 620256. 4.5 
23]22-5104 8] 83] 81.27.30 43/739.9 29.03 198.5422 6325724. 
2423 Sſos- o $4] 82.217. 5 44/140. 830 0] 04199. 542.4 641253.2154.9 
2524. 5% 2 85 83.1017. 7 45/41. 830. 2% o5|200.5|42.6j| 650259.255•1 
2625405. 3 86 84.117. 9 46/142. 830.4] 06201. 842.8 66260. 15.3 
27126. 405. % $7] 85.7181 71143 8130.60] Oo 202. 4443.10 67261155. 
28027. 405-8 88 86.118. 3 48144. 730.8 os 203. 443.3] 65262. 15.7 
2928. 406. [[ 89 87 018.5 49[145.7|31.0]| og|204.4|43-<|] 69263. 16.0 
30029-3062 0 88.06 18.7 50 146.7312 101 205:4[ 43-7 700264. 1156.2 
31130. 306.4 91] 89.c113.9]] 151[147.7 77.4 211 206.443.910 2711265.0136.4 
32031. 306.7 92 90. 0619.1 5211483.7J37.6 121207. 34.1 721266. 056.6 
33032. 306.9 [ 93 91.019.300 53/149.6[31.3j} 131 208.34. 3 73/267. 0056. 
34133. 307 1 94] 9.919. 6% 84 50. 6132.0 14 209.3] 44.5 74126$.0157.0 
35134-2j07.3]] 95] 92+-9{19.5{| 55/½51. 632.2] 15210. 3H. 7 78269. 0057. 
36035. 20 5 96 93.9% 20. 0 56152632 40 152112449 76269.9157.4 
37136. 207.7 97] 94.9 20. 20 5753. 532.7 171212.2145.1 771270. 977.8 
38037. 202. 9 98 95.8]20.4]} 5S}r54.5] 32.91] 182173. 245.300 78J/271.957. 
39133. 108.1 99 96. 8J20.60 59155. 533.1 19214. 245.60 79j272-9153.0 
40030. 108. 3 100] 97.8020. 8 60156. 533.3] 20ʃ215.2 48.80 80273.8ʃ58.2 
41040. 108. 5 101] 98. 8021.00 1157733 [260145 2811274. 8153.4 
241. 108. 7 [ O2! 99.821.200 62[|158,4] 33.7 22217.1146.2 821275-$153.7 
43/42. 18.9 03100. 21.4 63]159.4] 33-9) 23]213.1] 46.41] $3]276-8158.9] 
4443. oſog. 2 0410. 21.6% 64769. 434.10 24279. 1046.6 841277-8159.1] 
45 o. 4 102.721. 8 51161.4|34+3]] 25220. 146.8] $851278-7159.3 
4645. oog. 6 6103. 722 0 660162334. [[ 261 221.0 47.00] 861279-7159-5 
474. co. 8 71104. 6022.3 6263.3 34-7 271222. 0147.2 871280. 7159-7 
48046. 9% 0 o 05 622.5 68164. 334.9] 281223.0 47.40 $$1251-7159.0 
49147 .9{10.2j] 9106. 6622.7 691165. 335.2 291224. 047.6 39 2826050. 
8048.0 10.4% 101107.6122.9]} 701166.3]35.4]] 30|225-0147-5 go[283. 6160.3 
51 49.970 6 1111108. 623.1 171]167.2 35 6 "231 225.9 43.01) 291 284. 6160.5 
$21509.9410.* 12109. 523.3 721w68. 2135.8 32 226.948. 3 920285. 6ſbo. 7 
5351.81. 0 131110. 523. 5 731169. 2136.0 331227.9]143.5 931286. 6150.9 
$4152-8jr1.2 144111. 5023.7 741170. 2136.2 341228.9 148.7 9402875651. 
5853. 811.4 1512. 523.90 75¼71.2 36,4] 35|229.8] 48.9] 95/88. 8614 
5654.81. 6 1613.402410 7%½72. 136.60 36 230.8491] 96289551. 
5251.9 1714.44.30 77{173-1036.8]] 37231. 8049.30] 97299¼5 1-8 
5856.12.10 28{[115-4{24.5]| 78/174.1] 37.00] 38 232.8495] 981291-4Þ2-0 
$9157-7112.3]| 191116.4/24.8j} 79{175.1[37.2]| 391233-71 49.71 991292-4Þ*t 
__ boſs$. 7 12.5 20j117.4|25.0]] 80[175.0]37.4]| 40 [234.71 49-9 || 300029344 
Diſt BepſTat. FI | Dep Lat. Diſt|Dep. | Tat. Bi | Dep: [Lar. ||Diſt|Dep. Lat 


for 78 Degrees. 
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TazLe III. Difference of Latitude and Departure for 13 Degrees. 


— — — — 

p 

bit Lat. Dep Diſt | Lat. Dep Diſt Lat. Dep || Diſt Lat Dep| Diſt | Lat Dep 

Fs 61] 59.4[13.7]| 121117. 927.2 1811764 40.7 2411234.8| 54-2 
101.9004 62] 69.4[13-9 22118. 9127.4 8177.3 40.9 42 235.8 54.4 
3102-9100. 7 62] 61.4|14-2 23 [19.5 247.5 $31178.3]41.2;| 43]236.8|54.7 
403.9 0.9 [64 62.44.44 24120. 827.9 841793 41-4; 441237-8| 54.9 
$104 9101.1] 65] 63-3[14.6)} 25 121.8|28.1]] 85/180. 341.6 4512358.7| 55-1 
6[05.8]01-3!] 66] 64-3 14.8 26 122.8]25.3 $611$1.2|j41.8]] 461239.7]55+3 
700. 801.6 67 65-3]15.1|| 27[123-7 28.6 871182. 2 42.1} 471240-7 55.6 
blos. Sor. 8 68| 66.3]15.3)} 28|124.7]28.8]] 88018324230 45]241.6f55.8 
vos. Soz. o 69} 67.2]15.5]} 29|125.7]29-0}| 89 184.242 „ 490242. 656. 0 
joſog. 702.2 70} 68.2[18.7( 30126. 7 2229 185.142.7 ] $c1243.6[56.2 

10. 752-5 71] 69 216.0 131(127. 629.5 191118611 43.0 251244. 6 56.5 
uf. 70. 7 72 . 6.2 321128.6]29.7]| g2[187.1]43-2\ 52245. 556.7 
012.7029 73] 71-1116.4)} 33{129.6129-9 931138.1[43-4!) .53]246.51]56.9 
1013. 603. 1 74/7216. % 34/130. 630. 940189. 0ʃ(43. % 541247-5[57-1 
15 4.6%·4 7573.161690] 35131. 50.4] 95/190. o 43-9 551248. 5157-4 
16115. 60. % 76} 74-1]17.1; 36[132.5130-6 o61191.0144.1j] $561249.4[57-6 
17116.6j03.8/] 77] 75-0[17-31] 37/433-5130-8|} 9792.0 44-3 571250. 457.8 
187. 5ſoa o 7876-07538 134. 531. 0 981192.9 (44.5 58251.458. 0 
19118. 5j04. 3 79/77. 017-80 39135•431.30 991939 45.80 591j252-4 [55-3 
20119. 5/04. 5 80 75.0 S. 0 40 136.4315 2000194. 9 45:9] 6012533 53.5 

710. 5104.7 | 81 78-9[18.2\} 141 137.4 777 2010195. 945. 2261/2 54.3 58.7 
11. 404.9 82 79.9(18.J% 42138.4J31.90% 2196.8 45.4 62255.3 58.9 
23 22.4105.2| 83] 80.98. 43/139.3[32-2|| 03[197-5145-7}} 63 256.3159.2 
1403.40. 4 84] $1.5118.9]| 44 140.3063240 04[195.8]45-9]| 64]257+2[59-4 
26024. 405. 6 85} 82.891 45|141.3532.6]] 05[199-7[46-1 650 258.2596 
26025. 305.8 86} 83.819.3 46 142.3 32.8 6200. 746.3 66]259.2159.8 
27126. 3006. 1 $7] 84.819. 6 47 [143-2 33.1 07201. 746. 5 67260. 260. 1 
28127. 306.3 8885.79.80] 481144-2]33+-3 o8 202. 746.8 680261. 160. 3 
120 28. 306.5 89] 86.7 20.0 49 145˙ 23.5% 090203. %-: 0 69262. 160. 5 
30029. 2006.7 gol 87.7 20.2 50.46.2033. 7 10204. 647. 20 70263. 1 60.7 
710.2770 971 $8.7]20.5\} 1511147.1034-0|| 211005. 647. 5 271264.1151.0 
32031. 207. 2 92] 89. 620.7 52 148.134. 2 12 206. 647.7 72265. 0 v1.2) 
33132.2107.4'] 93} 90. 620.9 531149-1]34-4ſ| 231207+-5147-9}} 73 266.01[61.4 
3433. 107.6 94] 91.611 54/150. 16346 14208. 548.10 74267. 061. 6 
35034. 107.9 ge] 92.66 z1.4] 55 151.0349 15 209. 548 4% 73/268. 0061.9 
36035. 18.1] 96} 93.5021. 6 56 152.0 35.1 160210. 568.60 7 268.9 62.1 
3736. 108.3 97] 94-5[21.8 57 153.0 35.3 171211.4 48.8] 771209.9192.3 
3837. 0008. 5 98] 95. 522.0 53/154.0]35-5j| 1821249 ˙0 780270. 962. 5 
39 38. 008.8 99 96.522.359 154. 9035˙8 19.213.449. 3 79271. 962.8 
29.08.0100 97.4|22.5|| 6183.28 2014.4 80272. 863.0 
41139.9109.2 || 1010 98.42.7161 156.930 2 221 215.3497 2810273. 863. 2 
4240.9 09.4 02] 99.422. 9 62 157. 36.4 22 216.3499 2274.8 63.4 
41. 9 00. 03/100. 423.2 63158. 836.7 23217. 350.2] 832758637 
442.909 9 04101. 323.4 64 159.8036. 24 218.350. 40 84/276. 7 63-9 
45143-$]10.1]] o5[102.3|23.6 65|160.8 37-1 25219. 250.6 851277.764-1 
46 44.8010. 3 05/703. 3023.8 66161. 7037.3 260220. 250.80 861278. 7164.3 
47 5.800. 6 071104. 3124-1 67 162.7 7.6 27 221.251.100 $71279.6[64.6 
4 46.8 10. 8 [ o8j105.2[24.3 68 163.7 37.8 28 222.251.301 880280. 664.8 
49 47. 71.0 ogji06.2124.5 69 164.7 33.0 291223.1]5I.5 8978 1.665. 0 

$0145. 7]11.2 101107 224.7 7065. 638.2 30/224-1 3. 66 
$1149-7]i1. 5 "1111108,2 25.0 171|166.6]3S.5]| 2311225+1152-O}} 291 283.5105.5 
5250. 71.7 1i21109.1]25.2 721167.6 38.7 a\226.1152.2| g2j2384.5165.7 
$3151.6111.9)] 13070. 1025.4 73/168.6]38.9]| 33|227-0[52-4|| 931255-5 65.9 
5482.62. 1 14/111. 1625.60 74169. 50391 34 228.0052.6 9486.5 66.1 
5863.606124] 15]112.1125.9 751170. 5139-4 351229.C|52-9]} 95 237.4166.4 
$6\54.6112.6]| 16j113.0[26.1]} 76[171.5]39-6j| 3$1230-0153+7 9612838.4166.6 
$7155. 812.8 171114.0[26.3 77172. 5 39.8 37230. 953·˙3 97 289.4 0 
858. 83.0 180115. 026.5 78173. . 3831.953580 951290-4 
$9157. 5113.31] 191116.0126.8|| 79174. 40 · 2 39232. 953. 994291. 3 

_b0158. [13.5 || 2016.9, 27.0 $0|175-4]49-5]| 2-9 _ 3001292 - 3 

Dit Bes Lat. Bil Pep. Lat. Br Dep. L. Dit Dep. Lt. Bil Bep. 


for 77 Degrees. 


TABLE III. Difference of Latitude and Departure for 14 Degrees. 


— 1 — = 
Diſt Lat. |Dep Diſt | Lat. [Dep ||Diſt | Lat. |Dep||Diſt| Lat. Dep Diſt Lat. | wo 0 
— 5708251 59.2 14.5 121[117.4 29-3|| 18106175. 60438 241 7.5 J. 
201.900. 5 62 60. 2.0 2218.4 295 82776. 6 44-0 42 234-61 54.4 
2122.9[00.7] 63 61.15.20 2:j119.3]29.5| 83 177.6144. 3 31235 8] 33.3 
4153-9joi.of 64] 62. 115.6 24/rz0. 350. o 84178. 5 44-5 44 [235.7] 59.9 
54.901. 2 5 3.1157 281121.3 30. 2 85117 A. * 4523770511 
(5. 8 lor. 5 66] 64.0]16.0!] 26122. 330. 50 86 180.5 15˙ 46 238.7] $9.3 
716.801. 7] 67 65.0 (9.2 27123. 2130.7 87 51˙4 15˙3 47 39.7090 
$197.58j01.9] 68] 66.016. 5 [ 2824.2 my 85 152.4]45+5 : 249.6169. 
elo8.7102.2}]| 69 66.9]16.7i]] 29|125.2131.2|] 89 [53-4 45-7 45 1247-669, 
IC 1 IP 67.9 16.9 12 120.17 2 90 184.447 hid bd bond be 2 
I 10.7102 7 71] 68.9117. 2 131112711831 7 191 185.3 4 251243560. | 
2j11.6j02.9)]} 72] 69.9% 7.4 3202813190 92 156.3 15.5 52 24450614 | 
12]12.6jc3.1 73] 70.8117.7 331129.0 3 93115743 40+ 7] $3 245-5161 
14113.6j03.4] 74] 71-5117-9]| 34[130-0[32-4|| 94/1882 40-9, 54 246.4 1.5 
154.663. 6 75] 72.888. 10 35131. o 32-"|| 95189. 2 67-21 $5 [247-4\61.; 
i61t5.5103.9}] 76] 73-7[15.4!] 36732. 0 32.5 96/190. 2 47-4 56 [245.4\62.9 
17116. 504.1 771 74-7115.6j] 370132-9]33-2{| 971191.1 17˙7 29-4 92.7 
18017. 504 4 78] 75-7113.9/] 38[133-9 3.40 98/1927 47-9 53 [250.31 62.4 
19-8. 4004. 79] 76.719 10 3934.9 33-6] 991193. 1 45.2 | 59 [251.3 62,5 
20 19.4 04.85 80] 77.6 19.4 4011352 3.2 eee 1941 24 ( 4 2 
21 2.4558 178.6 79.0 141 136.5 7 201195. 0 78˙ 201 1253-2] 63.2 
2201.35. 3 82 79.6|19.8!} 42137.8 47 2196.08.90 62 254+2163.4 
23122-3195.06]] 83] $0.5[20 1 31138.7 34-6 - 03 197˙0 49.1 63 255-21 63.6 
24123-3]95-5]] 34] 81.5003 44[139-7134-5]| 04[197-9143-4|| 64 256-2) 63.4 
25124-3106.0 85] 82. 520.6 451140.7135-1 051198+9|49. 6 65 257-1] 64.1 
26025. 2 06.3 86] 83.4020. 8 46/141.735˙3 06 199-9 49-9 66 259.T]64.4 
27126. 206. 5 7] $4-4]:1.1]] 47/142.6[35-6j|- Oz. 8 30.1 67 2591 64.6] 
28027. 206. 8] 88 $5.4[21.3]} 48/143. 6 35.8 O8 201. 8850.30 65 200.0] 64.1 
29028. 107. [[ 89 86.421. 5 4944.699202. 8 50.60 65 261.0654 
30029. 107. 3 90] 87.3 21.8] 50145. 358 10203. 8 50.8) 75 262-0] 66-1 p 
EET om ons T a es 6. 0126 «|, 2111204. 7151.11] 271 [202.9j 65. 
31130.1107.5 91 88. 32.0 1511149. 535 81 4 715 1 
3231.0 07.7 2J 89. 322.3] 52147. 5036 *|| 2205.7 51.3 72 1203-91650 
33132. [8 0[[ g3] 90. 2 2.5 53 148.537 Ol 13 206. 5l-5 73 [264-9] 6. 
34]33-0j05-2]| 94] 91.21:2.7!} 54[149-4[37-3!| 14 > 7 74265-9166, 
334.08, 5 95 g2.2[:3.0j] 55|150.4 7•5 15208. 6 8 2650 
3034.9 8.7 90 93.132 56518 37-7 16209. 6 52.3] 7646028 6 | 
3J7135-91294+0 97194. 3-5 5752.3 3 2E. . A | 
3*139-9 [99-2] 98 95-1[23.7|] 5153.3 35-2] 15 14.5 nn | 
391 37-$199-4]] 99] 96.1 4.0 5911543 25 19 en 93, Ag ng 4 
4033.89. 7100 97.0 42 60 155.2 — 20 e eee . 
** 39.8 39.9 101 95.01[24..4 i] 164 156.2139.0!] 221 214-4153+5| _—_———— | 
240. 8 [to. 2] oz] 99 oz. 7 [6257.2 39.222 215 4153-7] 52273 g | 
341.710.411 O3}] 99.9249 258.239.400 23 16.4540 v3 1574 - wy | 
44142.7110.6 O4 tos. 925. 2 641159.1 39-71 24 217.3 54+ 2) * : * ; | 
45143-71109.9]] o5ior.90:5.4 5|:160.1]39-9j} 25]215.3 54-4/ 05 „ | 
4044.61. 10 objro2.o|25.7i\ 6616151 0-2 1 261219. 3 54-7] N. ap 
4745.61.41 07 I03.5125.9 67 162.C 40.4 271229.3 54-9] p 5 "NY | 
4<146.6]11.6]] os to. 8261 68 8163.00. 7 20 j221.2155-2 WT 4 q 
49/47.5111.9]] ogſr05.8126.4 69]164.0149.9}] 29j222.2 55-4 4 8 : a 
| 50143.5112.1]} 10t06. 26.6% 70j164.9]41-1/] 30|223.2 55-7 „ ; 
© 5149-52-30] 127107. 7126.6 | 171165-9[47-4/| 237 [22901]55-y1| 291 [23231794 
250. 312.6 12108. 7z7. 11 72[166.9f41.6j] 32[225.1]56.1!] 92 2 
N 5351.401280 13109. 67.3 7367.91 90 3326.1 56-4] 93 8 15 
| 64152.4[13.1 1410. 6627 6 741163.8142-1)}} 34 227-0 $0. 6 94 85.2 -1.4 
. $5153.4[13-3 1511. 627.8 | 751·69.8 42.3] 35228. 56.9 95 15 
$6{}54. 3113.6 1612. 6628. 1% 76[r79.8 2.6) 361229.0]57-1 Ha 83 48 
255-30 3˙8[ 17h113-5j25.3}} 7771.72.80 3730. 0057.4 97 189.177. 
58056. 314.0 [ 18 114. 58.61 7872.73.10 38230. 9 57 6 99 3 
| 59572 14.3 [ 19]115-5[23.8)] 79[173+7[43-3 39[z31+9 5d uct elit 
60158.2114.5|| 201116.4}29. 801174. 6 $3.6, _421232-9 WIL = | 
— —  — — — — D — | 7 9 
g Diſt Dep Lat Diſt Bes- Lat. Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. | 
. for 76 Degrees: 4 
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TABLE III. Difference of Latitude and Departure for 18 Degrees, 
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6< 103. 5 
66 103.9 
67 104.3 
68 104.7 
69 109.1 
170 5ſtog. 5 
271 5105.9 
72 106. 3 
731251. 106.7 
74 107.1 
75 197.4 
76 107.8 
771255.0]108.2 
780255. 9108. 6 
79 Sog. o 
800257. 7·09.4 
2810258. 7 109.8 
820 259.6110. 2 
83 110. 6 
84261. 4/111. o 
8 5 111.3 
86 111.7 
87 112.1 
88 112.5 
89 112.9 
|_99/266.9]113.3 
291 9113.7 
92 114-1 
93 114.5 
94 0114.9 
95 515.3 
900272 56115. 6 
ll 97 116.0 
98 116.4 
| 99 r16.8 
| 200 217.2 
Diſt Dep. Tat. 
| 


YaBLE III. Difference of Latitude and Departure for 24 Degree, 


———— ——ñ—— —— 
Din Lat. Dep] Diſt | Lat. [Dep Diſt | Lat. Dep | Dit Lat: Dep [Difi/Lat. pg 
| 100. 900. 4% 61 55.7124.5j| 121|rro.5[49.2|| $3! 165.3173-6 247 220.2 JJ. 
| 201. 800. 8 62 56.6 25.2 22j111.4[49.6]] 320166. 374. 0 422211 93.4 
2302.70. 2 63 57.65. 6 23j112.4|50.0]| g3/167.2174.4] 43'222.0] 93. | 
| 4(03-7/01.6|| 64| 58. 56.0 24/113. 3 50. 4 841168.1174.8] 4422249] gg., | 
5104.6/02.0|| 65 59.46.40 25}r14.2[50.8]| 85/769. 0075-2 45 223.8099. | 
bloß. 502. 4 66| 60. 3 26.8 260115. 151.20 g86|169.9175.6| 46224.57|100.5 | 
7106. 402.80 67 61.227. 2 27/r16.0[51.7 7 170.8076. 1 71225. Clico | 
$107. 303. 3 68| 62.1[27.7]| 28/(116.9 52.1 880171776. 5 43/226. 5100.5 
9108 203.7 69 63. 0028.10 2917.805250 89772. 7½76.9 490227. 50101. 
ee. 104.10 70 63.928. 5 _30 113.8|52.9]] go[173-6177-3 So[228-4 ol 
11110.0104.5/} 71 64. 928.9 131}119.7[53-31] 1910774. 5 TRI 251229. 30102. 
2[11.0j04.9}j} 72 65.829,30 32/120.6|53.7]| 92775. 4/787 520230. 2002. 
13111. 905. 3 73 66.729.7[ 33/1215 564.10 93176. 78.5 530.231.1102. 
14/12. 805. 7 74 67.630. 1 34/122. 454.5 9477.2 78˙90 54/232. 00103. 
1513. 706. 1 75 68. 530. 5 35/123.3 564.9 / g51175.1179.3) 55232. ſ103. 
16014. 6%, 5 7669. 430.9 36/124. 2 55. 30 4179.79. 7 56233. 90411 
75.506. 9 77 70. 331.3 37125. 155.7 97/180. 00801 57234. 124.4 
18016. 407. 3 75; 71-3{31.7j} 380126. 756. 1 58/180. 9/80. 5 55|235. 7[104.g 
197. 40.7 [79 72.22.10 39127 056. 5 99187. 880.9 5% 30.6003. 
20018. 308.1 80] 73.1032. 50 4027.9 56.0 200182. 781.3 600 237. 8ſtoß. , 
2119. 208. 5 81 74. 0032.9 1418.8 57. 375183. 6081.7 2010238. 06.1 
22020. 108.9 82 74.9033. 30 421129.7157-8 02| 184. 582.2 621239. 30106. 6 
23I a1. oſog. 4 83 75˙.8033.8 [ 43/130. %58. 20 03 1854/82.6 3} 240. 30107. 0 
2421. 9%. 8 [ 84 76.7 34.2 4431.58.64 186.4/83.0 [ 64/241. :1107.4 
25/280. 2 85] 77.6134.6\} 45/132. 55% % 5187.308340 65 2421 0%. 
26023. 810. 6 86 78.6035. 0 4633.4 59.4 o 188. 283.8 [ 6] 243.c1108.: 
27124. 7/11. o 7] 79.535. 40 47/134. 359. 8] o/ 189. 1084.2 67243. 9108.6 
2825.661140 88 80. 435.8 48/138. 2 60. 2 o8 190.0084. 6 63! 244. 80109. 0 
2926. 511.80 89 81.3036. 2 49136. 160.6 09190 9/85 0 69245. log. 3 
30027. 4/12. 2. 90 82.2 36.60 50137. [U. o] 10197. 88 5.4] 700246. 60109. 
Ji F z iz gi] 3.17 151 7579er Tr |192.5185.8| 271129761102 
32029. 2013. o | 920 84.0137.4|] 520138.9 [61.8 12{193.7]56.2i} 720248. 8110. 
3330.101340 93] $5.9137.8]] 53/139.8 . 2 13194. 6086.6 73!249.4|111-c 
34/31. 113.8] 94] 85.938. 20 54/140. 762.60 141195. 887.0 74/250. 3011.4 
35132.0[14.2]] 95] 86.8038.6/ 55½47.6 63.0 1596.47.44 7502512011. 
36032. 914.6 96] 87.7390 56142. 563.4 16197. 3687.8 76j252.1]112. 
3733.80 5. 0 97] 88.6039.4 57/143. 463.9] 17198. 288.3] 77/253; oj. 
3834.75. 5] 98] 89. 539.9 58/44. 364.3 18199. 1688.7 [ 78025400113. 
3935.65.90] 99 90 4/0. 3 59145. 2664.7 19200. 1089.10 79254. 90113. 
2436.5 16.3 1 91.4.2. 601146.2 65. 1 20201. o 89.5 800255. 8115.5 
41/37. 5126.71] 101] 92.341. 1 16147. 165. 5 [ 221201. 989.9 2810256. 7114. 
4238.47. 1 02 93.21. 5 620148. 065. 9 22202. 80. 3 82025760114. 
4339.37. 5 03] 94-1{41.9]] 63/148. 66. 30 23203. 7.783258. 8115.1 
44040. 2 17.9 0495. 042.3 64/149. 8 66.7 24204. 6 1. 1% 84/259 4115.5 
45/47. 118.30 595.942.7655 767. 1 285205. for. 85/260. 3115.9 
4642.018.7 [ 06 96.8 43.1 666151.6 667. 5 26206. 590 1.9 86|261.31116. 
4742.99.10 7 97.743. 5 6752.666799] 27207. 402.3 87262. 20116. 
48/43-$|19-5|| 8 98.739 68/153. 5068.30 28208. 30,7 88/263. 1117. 
49044-8199] 09 99.644. 3 69154. 468.7] 29209. 23.1 89/264.0/117-5 
—50145+7 20.3 _; 101000. 3144-7 7055. 369.1 30210. 13.5 90 264. 91117-9 
$1146. 6j20.7]] 111101445 10 177156. 2 69.5) 231|211.0/93.9!] 291}265.8|178.3 
$2147+$|[21.,1 12 102. 345.6 726157. 10. 00 3221.909044 920266. 7118. 
$3148.4j21.6 13 o3. 246.0 [ 73|158,0170.4 33{212.8194.8 93]267.71119-2 
5449. 3122.0] 14/104. 146.4 74/158.9½%0. 8 34 213.895. 2 94/268. 6119.6 
55150. 2122.4 1511055171 46.8 751595971. 2 351214.7 95.60 95 2695 120.0 
56151. 1122.8 161106. 047. 2 76160.8 71.6 3621.609600 90/270. 4 
$7152.0j23.2]] 1706.9 7. 60 77/161. 7½% 2.00 37216. 5096.4] 972713 
$8153.0[23.6|] 18107. 8 68.0 78/162.6½2.4 3827.400680 98/2722 
5953.9 24.00 1908.7 48.4 79 163. 572.8 39 218.3097. 2 9902731 
j| _60 54:3124-4 20 109. 6148.8 801164.4[73-2]| 401219. 297. 60 3002741 
Diſt Hep Tat. Diſt Dep. Lat. Diſt Pep Tat. Piſt Dep. Lat, \Diſt! Pep 


for 66 Degrees. 


TABLE III. 


Difference of Latitude and Departure for 25 Degrees. 


—̃ (ñ(— 
| Lat Dep Dit 1 Diſt | Lat, | Dep. Diſt Lat. Dep. | 
29.4 1 $5+3125-5|| I2L 10 "=" 1 nd a — — 
5. 62] 36.220. 1 — 6 51.6 = —— 76-5 241 * _ 711. l 
3 63] 57-1/26.6| 2344.50 83 e 
7 — * 27.0 24) 112.4;52.4 | 8466.8 27.8 4 en 
1 65] 53.927.510 25011 2.8 „ ; 
e . s 24-2 S2leddcal ance ih 
93.0 67: 60. 728.3 | 27 751115. 1 53.7 87 16 F od 4 40 222.9 104.0 
23 +4 68 61.628.728 116. 54.1 880 MEA 19* | 471223.91104.4 
3.30 69 62. 529.2 2915.9 54.5 89 — 7 72.3 = _—_ 104.5} 
ay L | F 71 79-9 .”lroc 
pa * — =. peo] . 9011722 79-90 22 _ g 
n 71 330. 0 925 1 — — | | — 
7% 72 . „„ „ 7 85 
5 73} 66. 230.30 33 120.5 50. 2 93 1 * 75 128.4 06. 5 
9 74 67.1 31.3 34 121.4 50.6 — 81 — | 83229. 31106. 9 
3 78 68.003. 7 35 122.4571 4 4 * wad! 439.2107. 3 
76, 68.9321 306 123.3 37.5 ö ” Wy 2-30 1 ü. — Bl | 
77 69.8]32.5)} 37 Fe 611770] 33.0] $61233-0/0088 
6 73! . 2 al 371 n 927 5 83-31 5732.9 108.6 
/ | / FLY 1 3 1125.15 3 93 179.4 83.7 $12 2} 
o 7% 71.633.401 39/12 038.7 \ 8 715 33· 8109.0 
580 72. 8033.8 42 = 5 & 8 180. 484-10 59 721. 7 mw 5 
9 l 8 TY 127.8 59 —_ 
30 82] 74-3 34.7 3 183•1 81. 5 119.3 
5 83] 75.3.1 430725. 33[184.0) 83.81 63238417. 
_ 32 76.1035. 5 440130. 5%. 9 5 184.9 1 ——— — 
. 7.0 0 el 21 he | : l 
E % Ad +4 * og oy 1 85-8 $6.6, 651240. 2,112.0 
487 73.8136.8 * Wo Won ny — 664111112. 
8 $8] 79.837. 2 48 134-1 52. 5 = * — . err 
3 89] 80. 737.6% 49/135. 063 © O 2 5 7-9, 51242.91[T3.3| 
er 95.30 69]243-5/113.7 
11.2 I +0139» — 135-9 93-4} 10 199. 3| 9. 7| 701244- 7114.1 
. 1 32 «Ti } — — — 
: 5 + n 4 = 4 211 2 _—_ add 245.6 114.5 
| 9 9 93 84.3 39.3 53 738.764.7 vi <- 1 1 — 246. 5/114. 
45.544 94, $5-2139-7) 34 139.668. x. NENT 8 
3531.74.38 [ 95 $6.1/40.1 55 140. 865.5 f we, Boas 3115. 
36132. 6 56 96; 87.0140. 6/ 56) mk 65.9 2 —— * 76 10 1 
73.615. — | — f | 0 
N 33-5 2 1 7 87.9/41.0 57 142.3 66.3 170196.7 91.7 7731.001171 
3934•4/% = 93] 88.8414 $8) 143-2 66.8 [ 1897.60 92.1 78/252 9117 g 
. . K. ! 3244.172198. 928 79/252.9/117.5 
by 1 [= — —. . 14% [201924 3. E113. 
f 3101 91. 542.7161061 68.0 221 118.8 
4 38.107.702 —5— — 620148. 8 68.5 * — 934i 21 * I bran 
43/39-0/18.2 || 03] 93.3 43.3 6347.7 68.9% 232021942 53] 35 ALES 
44/39-9113.6|| 04] 94.3/44-0| 64 148.6|69.3|| 24203. 8425 wy 
45 40. 89.0 05} 95-2[44-4 65 149.5 59.7 ay. 203.9 = 850258. 2 * 
46 41. 719.4 06 98.1044-8 66 150.470. 2 78 — . +1 es * 0 4 
43 43.520. 3 03 97.9 45.6 63 152.3 70. 0 28 * * 88 * 0 bins 3, 
49 44 420.7 || og} 98.846. 1 69 r53.2171-4)] 291207-5 * 3 46 | 7 
$0145.3/20.1 10 99.7146. 5} 7 71.8 9 . 9 1221 
Wh — | 5 154-13 [70 30|203.4| 97.2 90 262. 1122. 6 
2421. 111 100. 646.0 171) Teo 72. 3 Tr — 
5247. 122.0 12j10t.5 * * — oy * — * * 1 oY 4 jc ol 
3368. 002.4 1302.4 47 73156.8 73.1 : 211.2 38.5 31 ” 2 — 8 
$4 45.9/22.8]} 14.103.380 2 241527 73˙5 = 212.1 98.9 94 268.8 — a 
559.8023. 2 5 104. 248 6 75/158. 6 74.0 213.0 ; — 4 . 
56 50.8 3.7 16\405.1|49-0|| 76 159.5744 — E 4 281268. At. 
7 51.741 1) 706.0 49.4% 77] 166. 44.8 Sa ee 
3852. 624.5 18 106.9499 70161 k 75.2 38 — — a a69-21125-5 
2 33.524. 9 ez SO 3 791 162.2 75.6 39 216.6 101. 0 99 77. 126•4 
Fa Id -4 — — E 7 _boſ 163.1 — . 217-5 — 2 271-2 126.8 
p Lat. Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. | Lat. Dm Dep. 2 


for 65 Degrees. 


TaETE III. Difference of Latitude and Departure for 26 Degtecs 


— 


—— — 
unn. 


pig Lat beg }Diſt | Lat. wepſ pin Lat. [Dep|Diſt | Lat. | Dep| pin] Lat. |Dep 
150. 9/00. 4 61} $4-5]20+7|| 121 10 8 53.0 181116247} 79-4] 241 216. ley 
2401. Soo. 9 | 62} 55-7[27-2]| 221097 53.5 82]163.6| 79. 42 217. 5 106. 
3102. 701.3 63} 56.627.623 110.653.990] $3] 164-5 80. 2 43 218.4086 
403. 601.8 64 57-5 23.10 24/115 54.4 841654 80.7 44 219.3107 
clog. 502. 2 6558.4 28.5 25/1124 54.8 85/1663] 81.10 45 420. 2% 
606. 402.6 | 65] 59-3 28.9 260113•2 55.2) $6]167.2 81.5 46 421100 
lob. 303. 1 67] 60.294 2214 55-7] $7]163.1] 82. 47 222.0/108.; 
807. 2003.5 65] 61.1129 8 28j115-0156.1 $8|169.0| 82.40 45 222-9116 
9008. 1103.9 69 62.0302 29 115.9 56.60 39] 169-9 82.9 49 223.810). 1 
egg 2 2% eee ee — 
1109.9 4-3 71} 63.5 371 131.117.7574 191/1717 83.7 [ 251] 22561115 
12110. 86.3 92) 64.71.60 321186 52˙9 2172.6 84.2 52226. 5010, 
13111. 705.7 73] 65-0132-0}| 33 119.5 58.3 93|173+5} 84. $3]227-4/110.9 
14112.6Þ99.1) 74 66. 532.4 3420.4 58.7% 94] 174-4 85. 0 54/228. 3011.4 
5jt3- 5196.0 75} 67.4 2-9] 35|121+-3]59-2} 95 175.3] 85.5 55 e e 
1614.47. 0 76] 68.333˙3 36j1122.2 159-6; 96 176.2] 85.9 [ $5$61239.1]112.2 
19115. 3Þ7-5} 77 69.2133.S1} 37;123+1 60.1 971 177-1] 80.40 57 231.0\112,7 
18016. 2197-9} 73} 79+-1]34-2 381124. 0 60. 5 980178. 86.8 [ 53 231. 9ʃ113.1 
1917. 108.3] 79/71 34.61] 39ʃf24˙9 60.9 99 178.9 87.2 $59|232.5|113.; 
2018.28 71-9135-T| 49012 5.8614 200|179-8| 87-7} 60 233.1146 
21118. 9000 2] 81 72-5135-5!|] 14! 126761 201] 180.7] 88.1 "2611234.61114.4 
2219. 8009.6 $2] 73-7135-91| #2 (27.6|62.3 021 181.6] 88.60 620235504 
aa? 10. 1] $3] 74.6636.40 43 128. 5 52.7 3182.5 89. oſ[ 63|236+4\115.3] 
2421. 6010.5 384/7558680 44 9˙4 63.1 04183. 4 89.4% 64237-3015. 
2522.5 11. 0 851 76.437.300 45/139.3 63.6 5184.3 89.9 [ 65|238.21116.2] 
26023. 411-4 $6] 77.337.700 49113102 54 of] 06 185.2] 90.31} 66|239-/ 116.6 
2724.3 11.8] 87] 78.2135-1] 71132.1154.4\ 07 136.1] 90.7 671249-0 117.1 
2825.22.30 $8] 79-1133-6 43|133-0|64.9] 8 187.0 91.20 681249+9|117.4] 
2926-10] 2•7 $9} 80.0390 49 [33-9 55-3 09 187.8] 91,66 69 241.8011. 
30 27.0 (3.2) 0 80.9 39.5 50 (34.5 05.8} 10 133.7 92.1 70 142.7) 113.4 
31127.9113-6\} 91 $1.8139-9]] 1511135-7 86.2 2111189.6 92.50 27! 247 5 118 
3228.8 0K4-O 92 82.74.30 52/136.6 66 61 12| 190.5] 92.9 72 244. 3/119.2 
33/29.7114-5|| 93] 33-6149-8\} 83/3275 67.10 13] 191-4] 93-4} 73 245+4|119-7 
3430.601498 94845612 59 138.467. 5 14} 192+3] 93-8] 24/5355 
35031. 5 TH 951 $5.4|41.6!] $551539+-3 68.0!) 15\193-2] 94-31] 751547 2 [129-6 
36 32.45.80 96 85.3 42.10 551149-2 68.4 16| 194.1] 94 7 76 243.1121 
3733.3]t-6-20 97 87.242.5 37/1471 68.8 171195. 00 95-1] 77J/249˙91•4 
38034. 2016.7 931 88.143. 0 581142. o 59˙3 13|195+9] 95•6[ 751249-91121-5 
39.35.1071 99 89004340 59147-3 69.7 191968 960 791259 811223 
40|36.0[17-5\| 1092 89.9143+-8 _bo r43-8]70.1} 201197+7 96-4 800 251.7122. 
4136.9 18.0151 90. 8. 3167/14477 Al 221|198.6] 96.9 281025280123 10 
4237.7 18.4 0291.74. 7 621145.6[71 ol! 221199. 5 97-30 $2]253+5 123-6 
43\38.6118-9|| 03} 92+-5145-2 631145. 5|71-5] 23] 299-4 97.80 $3]254-411241 
44\39- 5119-31] 924 93-5145-6 64/147-4(71-9] 24|291-3 98.20 84|255-31124-5; 
45149-4119-7|| 95] 94:4 46.0 651148-3172-3}} 25 202.2| 93.6j| $5]256. 2112449 
46141. 3020.2 06 95.3146. 5! $61149+2 72.80 261203-1]| 9991 86]257.11125-4 
742. 2020.6 07] 96.2 46.9 671159-1 73.2 27 204.0 99-5] 57 258. 00125. 
48043. 1021.0 08 97.1 9.3 68 151.073. 7 2820410 881258.9 1126.3 
4944-0 21.5 09 98.047.8 69j151-9174+1 29205. 8 [too. 4 89 259˙ 8126.7 
500449021912 98.948.228 52.8 74.5 30205. too. 8 go] 260.7 127.1 
51145 .8122-4j| 31] 99 $148. 7\| 171}153+7 [75-0\ 231 |207+6|10L.3]} 291 261.6127 
5246.7 22.8 12100. 7491 72/1546 75.4 32208. 5101.7 92 262.4125 
3347.63 ·.213 101.6495 73 t55.5 [75.8] 332094021 93 263.3128. 
54\48. 5123-7|} 14/02. 559˙0 740785.4 76. 30 34210. 3 102.60 942642 128.9 
55149+4|24+1 || 151193-4[59+4 75\157+3176.7] 351211211030] 95 265.1[129-?1 
5650. 3124-6 16104. 3159+9 76 158.2772 362121103. 50 96 266.0129˙8 
5761. 225.0 1205. 251.3 771591 77.60 37J213. 003.90 97 266.91139-* 
$5|52.1125-4 18106. 151.7 781160.0478.0}} 35213 9104.30. 9312671139 6 
59153+0125+9 191107.0152.2 79160. 9 78-5] 39 214+5 104.8 99 268. 711311 
6053-9 26.329107. 52+ 6, $0,161.35 78.9% 49|215-71195+2 = 131.5 
Diſt [Dep Ut. Diſt Dep. Lt. Diſt Dep Lat. Bit Dep. | Lat, Diſt | Dep- Lat, 


for 64 Degrees. 
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TazLs III. Difference of Latitude and Departure for 27 Degrees. 
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for 63 Degrees. 


TABLE III. Difference of Latitude and Departure for 28 Degrees, 


8 — 
[Dig] Lat ber] Pig ler Pe pin Lat. per Difq Lat. Peg. pft. p 
1100. 900. 5 61] 53.9 28.6 121106. 8 56. 8 1816159. 8] 85.0 24101250131 
2001. 8 oo. 62] 54.7291 22|107.7] 57+3 $21160.7] 85.4 42 213.7011346 
3002. 601. 4 63] 55.602960 23108. 6652-7 831161.6] 85.9 4; 214.6114, 1 
4\ 03-5j01.9]| 64] 56. 5 30.0 24j109.5| 58.2 841162.5] 86.4 44 215.5|114.6 
604. 4402. 3 65 $7.4 30.5 25|110.4] 53.7 851163. 4 86.945 216. 313.0 
6] 05-3]02.8]| 66 58. 3031.00 2611.30 59. 2 86164. 2 87.3 4/277 218. 
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1613. 207. 0 [ 75] 66.235 2] 35/119. 2163.40 95/1722 91.6 5: 225.2119. 
16014. 107. 5 76] 67.1] 35-7 361120. 1] 63.9 961173.1] 92.0 $56j226.c|120., 
17] 15.cþ08.ol} 77 68. of 36.2 3727.0 64. 3 g71174.90] 92.5 57/226.9]120,1! 
18116. 008. 5] 78 68.91 36.6 351121.9] 64.8 981174.8] 93.0 580227. 81214 
1916.8 08.9 791 69.31 37-1 39|122.7]65.3 991175+7] 93.41 <$912258. 7112161 
20 17-7109-4]| 80 70.6137-6|| 401123.6]65.7/| 2001176.6] 93.9] 640229. 6122.1 
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221 19.4] 10. 3 $2] 72.438. 5 2125. 4/66. 7 021178.4] 94.8 62/231. 3123.0 
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35 30.9] 16.40 95 83.9% 44 60] 551136.9] 72.8 15189. 8000. 9 74242. 80129•1 
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37) 32.5] 17- 974 85.745. 5 571138. 6173.7 17119. 6101.9 771244.6|130.: 
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4741. 522.1 7 94-5150 21} 67147. 5078.4 27j200.41106.6|| 8753.401347 
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7.03.9 68] 59. 5033-0 [ 28611190627 £81164.4] 91.1 48[216.91120.2 
7.904. 4 - 69] %. 333.50 29 112.862. 5 891165. 391.60 491217. 8120.7 
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Tazre III. Difference of Latitude and Departure for 30 Degrees. 
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33 28.616. 5 93] 30.5 46. 5 531132.5176.5 13184. 5106. 5 72[236.41130-5 
34 129+-4}17-Ol| 94 81.4470 $41133-4{[77+© 14185. 3107.0 74 1237+ 311370 
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43137-2121.5]] o3] $9.2151-5 21141.2151.5 23,103.1|111.5 83[245.11143-* 
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123.810. 9 7559-49. 5 37]:04+9] 88. 1 97/150. 9126.6 57/196.9½6 [ 
1813.81.60 785975. 8105.7 88.7 9901575 127. 30 5/197. 6. [ 
1914. %. 2 79%. 505. 8 39706. 5] 89.4 goſtzz2.4}127.5)} 59019466. | 19 
| 2015-3 12.9 8061.3 A oz. z 9.0 2000153. 2128-0 6:/159.21167., = 
"47 26c 113-5 (| Biſ62-0[52-1| 741105:0\ 90-6 || 201[ 159-0 [1295511 2011 e99-3 rr i * 
ö 22 16.9 13.1 82 62.5 $2.7 42 108.5 91.3 rh yl 129.9 62 209.7 160. | 22 
. 231 •6%½14.8 ] 83163-61:3-4]| 43/109, 50 91.9} 03¼ 155.5 3e. 5 63/201.4/169.1 Wi ,: 
5 24115-4/15.4 84 04-3 54-0 441110.3] 92.60] 60456. 31311 64/202. 20169. | 4 
2519.2 16.1 881051 54-6 4510111.1J 93.2 O<[157.0f131.0 6: 203. 00170. | - 
2619.9 16.71 $6195-9155+-3}] 40% 8 93.91] o6j157.5 132.4 664203.7/171 | | zl 
27020. 717.4 $7409-0155-9 7112.6 94.507158. 6 133.1 67/204. 517.8 * 
28021.4/18.9 ] 88067. 456. 48/113. 4/9510 0580159. 3 133-7) 6%205. 3[172 | N 
| 29022218. 6 89105-2157-2]] 4ojtr4.1} g5.% 09 160. 1134.4 64/206.0l172 | | 4 
30/23-0119-31]_99123:9157-9j|_5-1114-9] 1.188 7206-21173. Wiſ|— 
31j53-7119-9}] 9109 55.5 r51]115.7] 97. 0 211[161.61135.6127:1207.61174.4 | 4 
32|24- 5j20,6 92170 5159-1 52116.4 97 7 121162. 4 0.3 7220.3 174.9 | 4 
33125+3j21+2 93 71.2159.8 5311172 98.4 131163. 2 136.9 73[209. 4173. | 4 
34126.Cci21.9 94172-C100.4}} 544j118.0] gg.off 141163.9]137.0)| 74j209.91176.1) | 4 
35026. 8022.5 95 72.8 61.1 551118. 99 - © 15 164.7135. 7 210.6176. | | 
364276 23.1 9017 3+ 5191-7} $SOfI19. <[100.,3 161165.4]133 81] „477.4 7 
3728. 323.8 97/74. 3052.4 571120-3]100.9]] 151166.2[139. 7712142078. 1 
| 3$/29-2124.4ſ} 9/75. 163.0 580121001. bl} r8[167.0]140.1f] 75/242 91178 | 7 
| 39/29+-9]25-1 9075. [53.0 5921. 8102.2 191167. 7140. 8 7 213.7 179 | J 
lj 4 39.6 25-71] 20c 76.6194. 3 60j122.6[ro2.% 20068. 8141 „ $cj214. 1150-9 — 
6 a1 31-4 20.4 101177+41094+y || 1611123. 3]103. 5] 2211269. 3142.1) 251 275•2 150 90 | : 
c 42 32.27. % ozj75-21195-6j] 621124.2[104.1]] 22j170-01142.7]} 8:1216.0 151.3] | 1 
; 4332.97.60 03]78-9]66-2]} 630124. 9104.8] 23070. 8143.30 $3]216.8|131.5 * 
1 4433. 728.3 [ 0479-76 8 64/125. 5105. 4 24ʃ 71.6144. 84/217. 51132.6 4 
4534. 528.9] og. 467. 5 65126. 4/106. 1 25 172.3114460] $5218. 311332; | 4 
46/35-2 29.6|] of[51-2 63.1]} 66|127.2[106.7]] 26j173.2[145-3/] 861219. 1j153-9 | 4 
4736. 030. 2 o7[S$2.0]68.8% 71127. 9107. 3 2773.911459 [ 872198845 | 4 
4636.8 30. 8 [ o$[52-7159.4|| 680128 708.0] 280174. 146.6 $3]220.6/185.1! 4 
4937. 531.5 / 09 53.570. 1 691129.41108.6 291175-4|147-2]] B89ſ221-4 185.) | ; 
59138: 3/32-2]|_19154-3179-7 [| _70[139-21109- 3} 301176-21147-9]|_ 90/222. 1156.4] W= 
$1139+1132+51\] 5211 $5.0 71.317103 0109.9 2311176.91148. 3]| 291]222.91157-1 | & 
$2[39-3/33-4 r12135-8172.0]] 521131.71110.6]] 32j177.7[149.1 21223. 7/157 3 
5340. 6034. 1 1386. 672.6 73132. 511.2 330178. 5149.80 932244188. | 
5$4141-4134-7 14 $7.3 73-3 741133-3]111.90] 3479.2 150.40 94 225, 2\159-0 [ 
$5142.1135-3/] 15153-2173 1 75,134. 0112. 5 3880.0 151. 1 951226.0,159-t | $ 
5642.936 1688.9 74.6 761134.5j113-1]] 36j1180.8|15r.7]} 96 226.790. | & 
573.736. 6 17199 6175-2] 771135.61113.8]} 37/181. (152.4 9727.50. | 5 
58144-41373 18190-4175-9]] 751136.31114.4]] 33j182.31|153.0|| 95]225.3 191.6 | £ 
$9145-2137-9j] 19092. 276.5790137. 1115. 1 39j183.11[153.6|| 991229-01192-? : 
— $0[45-0138-6|} 20194-91772 | _Bop137-91115-7]]| 4083-8 54.30 30c[229- 3119211 ne 
Diſt |Dep!Lat. |[Di|Dep|Lat. || Diſt Dep.] Lat. Bit Dep. | Lat. [Diſt Pep. | Lat. WI]! © 
for 50 Degrees. | _ 


TRE III. Difference of Latitude and Departure for 41 Degrees.. 
— — — — 
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) | Wig) Lac. Dep. Diſt | Lat. Dep Dis Lat. Dep Diſt] Lat. bey Diſt ra 
*p.| 15. 55.7 5140.004121 91.3 77.4 181]136.0|118.7]| 24/181. 9584 
54-91 151.5 01.3 62 46. [40.7 22] 92.1 50-6 821 137.4ʃ119.4] 4zji82.61155.7 
5 63. 3. % 634750413 23] 92-8] 20-7) 33 128.4. 431153-4259-4 
59.2 4123-0 22.6! 64148. 3]42+© 24 93.6\ 81.3 34 438.9120. 7 44184. 160. o 
56. 93.8330 65449-2142 6 25] 94-3] 82.0] 83013961. 45 184. 9116047 
575 6124. 5193+9 | 66149.8143-3!} 26] 95-1] 32.0 $61 149.4 [122.0] 4 (25.7 161.4 
59.1 | 4125-3194 61 67 :0. 6144 © 27] 95.3 3-3 $7]141.1]122.7 471156.41162.0 
394 | $105.0125-2/}F 6851.34 61 28 96.6} $3.0] 85j141+-9}123-3]] 45157-21627 
2 96.85.94 69}52+1145-3}] 29] 97-4 $4.6 $9| 142-6{j124-0 o11$7.91163.3 
e | 1197-3 26.6 +, 30 52.£145-9]}_30 98.1 85 3j_99[ 143-4 24.60. 5: 188.7164. 0 
— 15.3 727153. 6, 0 131] 98.9 $5.5 191] 144.21125.3]| 251]189.4j164 6 
9 ue - 17.9 7254.37 2 32] 99+ 80.60 92/144˙9125˙9 21190. 2165.3 
* ieh · 8 08.5 73155+2[47-9j} 33/l09˙4 87.2 934145-7 126.60 $5$3]190.c5166.0 
14.6% 20 74455 © 43.50 341011 37.9] 94 146.4{127.3)] 54191. 7J166.6 

1911.3 99.8 7556. (49 2 35j1c2.9| 38.60 95 147.2 (127.9 551192. 5167-3 
112.110. 5] 76157-4149-91} 36 102.6} $9.2) 96j147-5{128.6]} 561193-2]167+9 
12.81.20 77153-2150+5 3703.4 39.9 97] 1437}129.2j| 574194-c|165.6 
q1113.6j11.8 ${5$.g|31.2z} 380104. 90.5 98 {149-4\129.9}] 551194. 7169.2 

191143 112.5" 7959 © 31.80 3904.9 91.20 99150. 2130.5 591195+5 169.9 
20015113. 80 [60.452 5 4015. 7 91.80 200] 150.9}I31.2 601196. 2170. 5 
7115.8 13.8[ 811.153.141 106.4 92. 5 201}151.7}131.S)} 267197. 0017.2 
2110.610144 82161. 9153.80 42 107.2} 93.1} o2]152.5}132.5]| 621197-7|171.9 

23107 +41153-1 8$3152-6]54-4;| 43j107+9| 93-8} 031153+21133.2} 631195. 5$1172+5 
418.157 8463.455110 44 108.7 945 041154. 0133.80 6419921732 

| 25 1$.9136.4 85 64.255. 80 451109.4| 95-11 51547/1345 65200. 00173. 8 
10.617. 1 8664.9 55.4 4/79. 2 95.80 061155.5j135.1} 66 200. 8 174.5 
1720.47.70 3765.755710 47/110. 9 96.44 87 156.2 135.8 7201.561751 

1021. 218.4 88 066.457.741.797. 8157.0136•4 68202. 311758 

1021.9 19.0 8967. 2058.4 49i112.5| 97.7 09 157.7137. 10 690203. 0176.4 

3022.6 19.7 9067.9 59½ 0% 50/113.2 9g- 1015 137.7 701203. 8177-1 
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2 
0 
7 
5 
2 
60.41} 521114.7} 99-71 12 — 139.1 721295. 3178.4 
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3 
©) 
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713.420. 3 91[68-7159-71| 15111140 99.00 211} 159. 138.4 2710204. 5177.8 
32024210 9269.4 
43124-9 121.6} 9370.2 51. o 53 115.500. 4 131160.8 139.7 731205. 0179.1 
342572. 3 0 9479.5 651.7 54/16. 2 101. o 144161. 5 140.4 74206. 8179.7 
3926.43. 95/71. 7 52.30 55/117.0|to1 76115162. 3 141.0 75/20 f- 580.4 | 
36127-2 [23.6] 9672. 5]63-0j}} $561117.71102 3} 161163.0|141.7]] 76 203.3 181.0] 
37127-9 124.31] 97173-2193-6]] 57 118. 5 oz. 171163. 142.3 771209. 1 181.7 
3828.7 4.9 98174-01[64-3j| 53]119.2 [103.6 18164. 5143.0 78ʃ209.8 18.4 
3929.4 25.6 99174+7194+-9]] 5% 20. 0 102. 19165. 3143.6 792710. 6 183.0 
4030. 226. 2 10075. [58-5 500120. 8 105.0] 201166.01144.3 800211. 3j153-7 
41[39-9 26.9 101176. 266.3 161/121. 5 105. 6 221166. 8145.0 251 2721 184.3 
4231.77.61 02177 006.9 62/122.3 [106.3] 2216.514560 82 212.8018500 
6032.58.20 0377767 · 6 63 0123.0 106.9 23 t68.3145.3 $3j213+6[155+6 
43.2 28.9 0478. 5058. 2 64/123. 8 [107.6 24 169. 1146.9 8421431863 
434.0 9. 5 05/79. 2[63.9 / 65/1245 108. 20 25169.8 147.6 B5j215-1 186.9 
4034.7 30. 2 0680. 059.5 660125. 308.9 261170. 6148.2 $6 215.8018260 
4735.5 Bo. 8 0780. 870. 2 6726.0 109.5 7|171.3!148.9]} $7]216+6 183.31] 
4836.2 [3r.5}| 0831. 570. 8 68/126.8 110. 2 28 172.249 ˙5 881217.4188.9 
467 032. 1 09 82. 371.5 69.27.5110. 9% 291728150. 2 $9]213. 11189. 60 
$37.7 [32.81] 10083. 72.2 70|128.3|111.5] 30[173-61150-9 __ 991218. 911993 


291j219.6;190. 
921220.4|19t. 


Ji 5 33.51 11 3.817248 171012917 112.2 231 5 9 
2 5 
152.8 [ 9322111922 
5 3 
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[ 
| $2139-2134.1]} 12134. 5]73+5|| 7201298 [112.80 32]! 
9. 034.80 13135+3174+L)] 73 r30.6[113.5) 33]! 
| $4140+8[35.4]} 1485.74.80 74{131-3114.1] 34/1 
585161. 5 36.10 151$86.8[75.41] 751132-1]114.8]} 35]! 
I 
I 
[ 
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4-3 

8.1 

5.8 

5.6 944221. 9192. 
7.4154. 10 95222. 60193. 
8.10154. 961223+4,194-2 
3.91558. 5 [ 97 224.2 194.8 
9656.10 951224-91195-5 . 
0. 4(t 56.30] 9922571985 
730135. 8 118.11 40] 15T-11157-4 300j226.41196.8 
Diſt Dep. ] Lat. [Diſt | Dep. Lat Diſt { Dep.“ Lat. 


for 49 Degrees. 


11 761132.8|115.4)] 36 
71 771133.6 116.1 7 
4 78/134.3 (116.8 38 
I 79}135-1|117.4j| 39 
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Tanke III. Difference of Latitude and Departure for 42 Degres, 
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| F 
Dig Lat. Dep Diſt Lat. Dep Diſt Lat. Dep. [Diſt] Lat, Dep. [Pit Ln. [by 
— 1100. ; 20.7 61145. 3140.8 121 89.9 5 18101345 121.1 24117 7ſt 
Ao. 51. 30 62146 241. 5 22 90.6; 81.60 820135•2 1218 4177 % 
| 302. 202.0 6346. 8042. 1 23 91.4! $2.3! 83 [135.922 4 4380.0 
| | 403. C 22.71 6447. 842.8 ][ 24] 92.1 33.00 8$41136.7 23˙4 4487.65 
| 503.73: 30 65149. 363.5 25 92.9] 53-6! 85137.4[123-5| 451132.16; 
| 6124.5 24.0}! 66} 49. 0144 2 | 2693.0 84.2 8133.211244 46118216 
| 7195-2124+7]| 67149. 8[44-8]} 27| 94.3] 85.0) $:1138.9|125-1]} 470183. 
| 8los g[95-4|| 6950. 545.5 2895. 85-6] 851139.7125-5|| 45/134. 2116; 
9120-7 56.0 69151 3146.2 29] 95 8 86.3 $9jrq0.41126.4)] 40,185. 6 
19197-41997 7c[52.0146.8 30 56.6 87.0 golrgr.11127.1; 500185.77 
| 11108. 2 07.4 71 5277.5 +4 97.31 7.60 191]141.9 [127 8 251 186. 51165 
1208.9 8.0 72153. 5[48.2 32 98.1] 88.31} 9g2|r42.61128 4 52187. 2410 
1309. 768. 7] 7354.2 48.5 33] 98.8] 89. 0 93]143.4[129 1] «5: 187.901 
14,10. 4. 4 74155-0149-5!| 34] 99-5 89,6% 94144-11129 4 541138. 71 
15. 110.0 755. 5150.2} 35 [100.3 90-31] 95/144.9 1130 555 189.40 
16 r 76156.5150.8 300 of g1.0f} 9045. 6131.1 50/190. 24171 
17J12. 6. 4] 7757. a[51. 5 3701.8 91.7 97/146. 3131.8 57190. c 
183.4] 2.0 7857.956220 3802. 8 92.3] 98/147. 1132.50 5¼½91.7ʃ17 
1914. 112.7 79/58. 752 9 391103.3] 93.00 99/147.8 133.10 5911924! 
20014. [t 3. 4 8059. 453 $i; 40104. 0 93 200/148. 6 133.80 60193. 1 
21115.6j14.0|| vil6o.z154.21] 14:1 104.7 94.3 201 149.3|134-5 
22116.3]14.7]] $82160.9]54.9 21105.5| 95.01] ot. 113524 
2317 1]15.4]} 83]6x.7}55-5!} 4306. 295. 7 ozfr5o. 8135.8 
2417.86.14 84/62.456. 2 4 107. 0 96.31] ot 51. 5136.5 
2518.616167 563. 156.9 4507. 797. o ost zz. 3137.1 
26119.3]17.4]} 8663.9 57.5 40108. 5 97. 7 ot[r53.0[137 
2720. 118.1 8764. 658.2 47109. 298.3 07 153.8138 
2800.8 18.7 [ 88]65. 458.9 4109.9 99. 0 08/154. 539 
2921 50194 8966. 1595 410.7 99,7 91553139 
30022. 320.1 9066.90. 2 501. 4100. 4 10/1 56.0140 
3123.0 29.7 91 67.6 60.9] 15 2. 201. 0 2111156. 7141. 
32]23.8j21 4 2068. 351.5 5212.9 tor. 7 12157. 5141. 
33124. 5]22.1 93169. 152.2 $3[113.7]102.41]} 13/8. 2142 
34025. 322.7 9469. 8862.9 54}114.41103.0|| 14/1 59.0 (1432 
35026. 023.4 9570. 6663.6 0 555. 103.7 15|r59.71143 8 
36026. 724. 1] 96/71. 364.2 $6|r15.9]104.4]] 1/760. 5144-5 
37127. 524.8 7172.1164.9]} 5716. 605. o 7161.211452 
3828.2 25.4] 98J/72.8855. 6 58|117.4]105.7 18161. 9 145.5 
39]29.0126.1]] 99/73. 56. 2 5918. 1106.40 19]162.7 [146-5 
40029. 726,8 10074. 356.9 6c|118.g]107.c]| 20[163.4 142 
41030. 527.4 101[75.0[67.6]| 16101196107. 7 221[164. 2 [147+ 
42031. 228.10 2075. 868.20 62120. 3108.40 221764. 9 148.5 
4331. 928.8] 03/76. 568.9 63 lz. IItog. off 23165. 71492 
4432. 729.4] 4/77. 369.6 64121. 8[to9. 7 24j166.4[149-9 
45133-4130. 1 05178,0170 2 65[122.6j110.4]| 25[167.1[159-5 
46034. 230.8 [0678.70.99 66[123.3]111.0) 2067.91 5T. 
47134.9[ 31.4] 07179.5171.6 7124.111170 2768.661519 
4835.7 32-1 8080. 22.3 6%[124.8|112:4} 28 (169.4752 
4936. 432.8 ][ 09]81.0½72.9 69725. 881131 29/770. 11532 
e Es- 3 [Ie 
$1137.9134-1 1182 5174.31 1710127. 0114.4 231]171.6 1154+ 5 
$2138. 6034.8 1283. 274.9 72|127.8[r15.1Y} 32[172.3]155:- 
$3139.4 35-5] 13/83.9175.6} 73]r28.5]115c70] 3373.111585. 
544. 1036. 1 14134.7176.3]| 74|r29.3]116.4)} 34(173.8 156. 
550. 936.8 [ 155.-4½76.9% 75/130. 017. 10 351174.6[157+-2 
56041. 6037. 5 16686. 277.60 76730.7117. 36]175.31157-9 
$7142 - 3133.2 || 171%6.9[78.3}} 77]131.5]118.4]) 371176. 1758.5 
5843.1038.8 [ 1887.78.90 75|132.21119.1]} 38]r76. 8159-2 
$943+-8139-5!] 191%8.41[79.6]| 79j133.0[119.7]] 391177 5159. 
60144. 6 40.1 20 89.1 30.2 | 80 133.7 120.4 40 178. 3 160.6 
Dit [Dep1Lar: Bi |Dep Lat. Diſt Pep. Lat: [Diſt Hep. Lat 
, for 48 Degrees. 
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Lat. 
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24] 99-7 


991.4 
92.1 


117.7 
118. 5 
1192 
119.9 
120.7 
121.4 
122.1 
122.9 
123.6 


I25.1 
125.8 
126.5 
127.3 


128.7 


130. 2 


88.5 
22] $9.2 


124.3 


128.0 
129.4 
130.9 
1731.6 

| Dep. 


112. 5 
113.2 
113.9 
114.5 
115.2 
115.9 


17.3 
1138.0 
118.6 
129.3 
120 © 
120.7 
121.4 
122.1 
122.7 


Lat 


150. 


Se sz. 


116.6 


Lat. 


132.4 
133.1 
133.8 
134.6 


5135˙⁵3 


136.0 
136.8 
132˙5 
138.2 


29001390 


139-7 
140.4 
141.1 
141.9 
142.6 
[43+3 
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9 44.8 
| 99145 5 
2901146. 3 
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5057.2 


153. o 
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160.2 
160.9 1. 
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165.3 
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166.7 
167. 5 
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174 1 
174.3 
175.5 


| — 


Dep. 


. | Diſt Lat. Dep. 


for 47 Degrees. 


TasLE III. Difference of Latitude and Departure for 44 Degrees. 
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Dil Lesley Pin Lat. Den Pi Lat. Pep. Pit | Lat, Dep. Pin Lat. | Dey, 
100. Jo0. 7 61]43.9i42.4]] 121] 87.0 . 1811130.2 0128.71 241]173.4 167.4 
2401. 4401. 4 62[44-6[43-1}] 22 87.5 47 820130. 9126.4 420174. 1 168.1 
3102. 402. 10 63 45.43·8 23} 88.5 35.40 S3]131.6j127.1j| 4374.8 168. x 
4192.9 92.81] 64149-<|44-5 24 39*2 8 -1|| 84 132.4 127.8 441175.5 169.5 

| $103.t193.5! 546.8451 25! 89,9 86.8 $51133-1}128.5}} 451176.2| 170.12 
£104. 3j04-2i] 60/7. 5.5% 2 99.6 87.5 86\133.8[129.2]] 46 176.9 170.9 
7195-c04.9'1] 67145-2146.5j} 27] 91.4 42 $7|134-<5[129.9 71177-7| 171.6 
ow $195-$j05.61] 6$81z$.9!47-2ij} 28] 92.2] 88.9 88|135.2j130.6{] 48 178.4 172.3 
go. 405. 3 6979.6 47-91 24] 92.8 89.6 891135 . 9131.3 4911791 173•0 
oo. 206.9] 750. 3 8.6 30 93-5! 90.3 9036. 7132.0] 50 179.8173.6 
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Of Logarithmic Sines, Tangents, and Secants, to every Point 
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A Table of Logarithms from 1 to 120. 


Co-ſecant 


Infinite. 

11. 30921 
11. 00870 
10. 


83348 
10. 70970 
10. 61443 


10. 53715 
10, 47288 
10. 41710 
10. 3690 
10. 32661 


10. 28: 95 


10. 25526 


to. 22497 
10. 19764 
10. 17292 


10. 15052 


0802 
—— 2 — 


| * 
— - 


Secant. 


[Points. 


—8 — — © 
— tame 2 


— * 4, os 


wr wn wn © 


+ + + wn 
— + $1. 


— 


— — 


2 
5 


3 


10 


—_— 


No. 


No. 


No. 


—_—_— 
— 


Log. 


2.00432 


00860 
01284 
01703 
02119 
02531 
02939 
03342 
03743 


| 04139 
2.04532 


04922 
05308 
05690 
06070 
06446 
06819 
07188 
07555 
07918 


TABLE IV. 
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63453] 634655] 63475] 6343+ 
63553] 63568] 63579] 63589 
63659] 63669} 63679 63689 
63759] 63769] 63779] 63789 
63559] 63869] 633879] 6388 
63959] 63969] 63979] 63988 
64258] 64068 64578] 64098 
64157] 64167] 64177] 6418 
64255] 64260] 64270] 6428 
5]-- 043552. 64365]2.64375[2. 6438: 
64454] 64464] 64473] 6443: 
64552] 64562] 64572] 64582 
64650] 6466c] 64570] 646%: 
64745] 6475% 64768] 647 
64546] 64350] .64855] 648-: 
64943] 64952} 64963] 64972 
652492). 63050] 65060] 65070 
65137] 65147] 65157] 6516; 
$234! 65244] 65254] 6525; 
2.65331/2.95241j2.6535-[2.63360 
65427] 65437] 65447] 6545 
65523] 65533] 65543] 65552 
65619] 65629] 65639]. 656.48 
5715; 65725] 65734] 65744 
653110 6532} 65830] 65839 
67905 65911} 65925] 6593: 
66201] (66011 66020 660 z<t 
66996) 65rof} Gbrig] 65124 
tho 6620c} 6621c] 6621: 
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2. 6027102. 60282 
60379] 60390 
60483 60498 
62595 60596 
65793] 60713 
62310] 60820 
60917] 60927 
61023] 61034 
61130] 61140 
61236] 61247 
2.6134:|2.61352 
6144%} 61458 
61553] 61562 
61635] 61669 
61763] 61773 
618680 61575 
61972 61982 
620766 52030 
62180] 62190 
62233] 62294 
2.0235;1%-02397 
62490 6253cc 
62593 62603 
626960 62 
6279: 6280 
62900 62910 
63002] 63012 
63704] 63114 
63205 63215 
63306] 63317 
2.63407|: 63417 
6330s] 63518 
63609 63619 
63705] 63719 
638099] 63319 
639050] 63919 
6400* 64018 
64105 64118 
6420 64217 
64301 64316 
2.644042. 6444/2. 
64502] 64512 
646091] 64611 
64699 64709 
64797] 64597 
64395] $4994 
64992| $5092 
65089] 65099 
65186] 65 196 
65283] 65292 
65379/2-653%9 
65475] 65485 
6535/1] 655381 
65667] 65677 
65763] 65772 
65353] 65368 
65954] 65963 
66049] 66038 
66143] 665153 
66238] 66247 
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A Table of Logarithms from 1 to 10,090 


Nel _2 I'M 2 | MEANRSE 
77002. 66270 2 .60255|2.66295|2.60304j2.00314/2.603:3]2.66332|2.66342|:.06351 
61 6627c 6633c 656389 6639 66408 6641; 66427 66436 66445 
62 66464] 66474] 65487] 66442] 66562] 66511 655210 6653600 66535 
65 66555] 66567] 66577] 6658:| 66596} 6605 666144 66624] 6,653 
64 66652 66651 66671 66680 66689 £6694 66508 66717 66727 
651 667454} 66755] 66764] 66773] 66753] 66792] 66801 668171] 6082: 
66 668 30] 56545] 65857] 6686;] 66876] 6688c| 66844 66904] 60 17 
6;] 66932] 65941] 66756 66960] 65949 66975] 66987] 66997] 67c6 
68] 67025] $7034] 67043] 67052] 67062} 67071] 67080] 6708; 67cg 
6g] 67317] 67127] 67136] G7145) 7184] 67164] 67173] 67182] G7rg) 
770 2.6721c|2.67219jz.67228[2.67237[2.0724" 2.672562. 67265[ 2.67274] 1.67284 
7 67302] 67311] 67321] 67336] 673% 67348] 67357] 67267 67:76 
| 52] 67394] 67492] 67413] 67422] 07432] 6744c| 67445| 67455] 67468 
| 53] 67484] 67495] 67504], 67514] 67523] 67532] 67541] 67550 6756c 
| 74] 67578] 67557 67596| 67 6761 67624] 676331 676421 67651 
| 2} 67665 67678 67688 67697 67706] 67715] 67724] 67733] 67742 
| 76] 67761} 6777c 67779] 67788 6 797 67806] 67815] 78260 67834 
| 67852] 67861 67870] 67874] 678838) 673897] 6796 679100 6792 
| 78} 67943] 67952 67961] 6797c| G7a7y} 674,83] 67997] G8cub| 6891 
| 79 68034] 6304: 3082 680616 6807. 68079] 6808%] 68097] $81.6 
Je. 68124 2 .68133|+.63142 [2 68151|/2.98 00 2.081609]2.65178j2.68187]2, v8195 
$1] 68215] 68224 68233] 68242 68251] 68260| 68265 68275] C8287 
$21 6$305] 6831, 6$323] 63332 68341] 68350 68356 63368| 68377 
83 63395} 68404] 68413] 68422 684310 68440] 63445] 58458] 6846 
84] 68433] 63494) 63502] 6851z| 68520] 68529] 68 580 68547] 68556 
ze 68574} 68583} 63592] 68601| 686100 6:619] 68628] 68637 6804 
8e 68664] 68673 68687] 68690 68695} 68708] 68717 687260 6873 
3 J 68753} 68762] 68771] 637800 687890 63797] 638866] 68815} 68824 
83} 68342} 68851 63860] 68360 68873} 68886 68895 68904] 689 3 
3% 63931] 68940] 6944] 6855] 686] 63g75] 68984] 63% 6502 
49c[2 - 69020 2 . 69023]: - 69037 |. 69046|2. 6905 5]z.69064|2.09073/2.69082|2.6y095 
gif 6910% G6grr7] 69126} 6,13: 69144] 69152] 69163} 60170 byr7y 
92 69197} 69205 69214] 6932; 69232] 69241] 65240 6925˙[ 69267 
oz} 69285} 52293 69302 6931 132c| 693290 69338 63346} 61355 
Ml 69373 69381 6939-| 69399 694-8] 69417] 63425] 69434] 05443 
9 $9461] 69459 69478] 6948, 69496} 69503] 69513 69522 69531 
966 $9545} 69557] 65566] 69574} 65583] 69892] 64603} 6y6cy| 696178 
97 69636] 69644 63653} 69662 69671] 69679 69688] 69697] 69705 
g8] 69723] 69732] 69740] 69749] 697580 69767] 6977: 09784] 09793 
oc} 69S2ch 69819] 61827] 69836} 6784 J 69854] 69962} 69871 698 * 
cel: 20989, 2.69901 2.699142. 69923 2.699332. 0994002. 0994y]z- 099535|2 . 69466 
69984} 69992] Jof 7oorc} 7, 70027] 70036] 70044] 70053 
7007] 70079} 7Joo88| 7oogb) yolos| 7olig| 7Jolzz| 70131} 7OIge 
70157 70165] 70174 701834 70191 70200} 7ozog] 7OIL7F| 7022! 
70243] 70292] Joxbo| 7026. 70278] 70286] 70295] 70303} 70312 
70325] 70338] 70346] 70355 70364) 70372] 70381] 70384} 70398 
70415] 70424] 79432] 70441] 7044} 70455] 70467] 70475| 7 0484 
70501] 70509] 70518] 7052 70535} 70544] 70552 70561] 708569 
7038] 705395] 70boz| 7obrz| 70621] 70bzg| 70633] 7064t| 7065. 
70672] 70680] 70689] 20600 70706] 70714; 70727 70731} 70746 
2.7015-[2.50766 2.70774|2.707821: . 7079 112.708: 0j2.7080d 2.70817|2.70d. |: 
7084 70851] 70359 70865} 70876} 708850 7089 [ 7902} 7oync 
70927] 70035} 70944] 70952] 70 72gbs| 7og7s| 70987] 70995 
Tloiz] 71020 7iczy| 703 71046} 7rogg) 710%, 71071} 71076 
Trough 7105] 71113] 71122] 711300 71139] 71147] 71155 71164 
717181] 71189] 7171908] 7i20t} 71214] 71223 71236} 7624c| 7124t 
71265] 71273} 71282] 712900 729%} 71307) 71315 71324] 71332 
71357} 71366] 71374h 71383] 71397] 71399] 71408 7141 
71441] 71450 $1459] 71464} 71475] 71483] 71492} 71505 
71525 71533] 71542] 72550] 71559] 72567] 71575 71580 
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A Table of Logarithms from 1 to 10,000, 


© I 2 4 5 .. 

2.71600 l. 716092. 71617/27162 5ʃ2.71634/2 716427. 716560¼2 7165927166712 71575 
71684] 71692] 7170c; 71709] 71717] 71725] 73734] 71742] 71750 71756 
71767] 71775 71784 71792] 7180c| prog} 71517] 71825] 71834] 71842 
71850 71858] 71867 71875 71883] 71892] 71990) 71998) 717% big z 
71933] 71941] 7195c| 71938] 72966 72g-s| 71983] 71991} 71999] vrch 
73016] 72022] 72032] 72041 72049] 7205; 73-6t} 72074] 72082 72096 
72099] 72107] 7211: 72123] 72132] 7214o| 72148) 72156] 72165) 7205 
72181] 72189] 72195] 72206 72214] 72222] 72230] 72239 7224 72255 
72263] 72272] 72280 72285| 72296] 72304| 723:3] 72321] 72325} 72437 
72346 72354) 72262 723700 72378] 72387] 72395 — 73403 72481] 7241 

2.72428 [2.72430|2-72444|2-72462|2 . 72460|z 72469] 72477|2+72485[2+72493 2.72501 
72509 | 72518] 7252t 72544 72542] 7255c 725588 72567] 72575 72783 
72591] 72399] 726c7| 72626] 72024 72632 J 72045} 72656] 5266; 
72673] 73081] 7268: 72699] 72705| 72713] 727227] 7273 72738] 72746 
72754 72762] 7277c 72779] 72787] 72795 723303] 72811 72819 72827 
72835| 72843] 72352] 7286c} 72868 7287t| 72584] 72892] 72900 729:4 
72916 72925 72533] 72941] 72949] 72957] 72965| 72973] 729810 728, 
72997 | 73c05] 73014] 73022] 7303c} 73038} 7394% 73054} 73862 73970 
73078 | 73286} 73094] 73102] 73111] 730g] 731270 731550 73143] 73151 
711590 73169] 73175 71182] 73191 73199] 73207] 73215} 73223] zun 

2.73239 j2+73247|2+73255|/2+73263(2-73272]2.73280|*+73283|2-73296|2.73304|2.73312 
73320 733238] 73336] 73344] 73352] 7336:| 73365] 73376} 73384| 73392 
734090 | 73408] 73416} 73424] 73452] 734400 7344%| 73401 73464} 73472 
73480] 734383] 73496] 73504] 73512] 7352-| 73528] 73536} 73544| 73552 
73560| 73562 73576] 73534| 73592] 7360c| 736c8| 73616} 73624] 73642 
73640] 73648] 9305} 73664] 73672] 7367e) 73987} 7369s} 73703} 7371 
73719 73727] 73735] 73743] 737501] 73756| 73707] 73775] 73783] 73791 
73799| 733807] 73815] 73823] 733830] 73838] 73346] 7385½ 73862] 7387 
73378| 73386] 73894] 73902] 739100 73918] 73926] 73933] 73941} 73949 
73957} 7396s] 73973] 230810 73989] 73997] __74005}_7401:} 7402c| 74028 

2.74036 [2+ 4044|2+74052|2+74060|2. 74008[2.74076 2.740842. 74092|2. 740992. 74107 
74115 74123] 74131] 74139] 74147] 74155| 74102] 7427 74178] 74186 
74194 | 74202] 74210] 74218] 74225] 74233] 7424} 74245| 74257] 74265 
74373] 74280] 74288] 74296| 7430, 74312] 743200 74327} 74335] 74343 
74351| 74359] 74367] 74374| 74382| 7439} 74395 74406| 74414} 744% 
74429 | 74437] 74445] 74453] 74461] 74468] 74476] 744384] 74492] 74500 
74597 | 74515] 74523] 7453) 74539] 74547} 74554] 74562} 7457| 74576 
74586 74593] 74601] 74609] 74617} 74624] 74632] 7464c| 74648] 74656 
74663] 74671] 74679] 74687] 74695] 74702] 74710} 7e7if 74726] 74733 

| 59] 74741 | 74749]__74757|__74764|__74772| 747S:| 74788] 74796} 74803] 74511 
-[2+74819 [2.74827|2.74834|2+74842|2+74850|2,.74858[2- 7450/2. 74873|2.74851|2- 74589 
74%96| 74903] 74912] 74920] 74927] 74935] 74943] 7495c| 74955] 74966 
74974 | 74981] 7498s] 74997] 75005] 75012 7502c| , 75035} 75043 
75051] 75059] 75066] 75074] 75082] 75089 75097 75105 75113} 75120 
75128] 75136] 75143] 75151 75159] 75166] 75174] 75182] 75189] 75197 
75205] 75313] 7522 7522% 75236] 752430 75251| 7525] 752600 75374 
75282| 752389] 75297} 75305| 75312] 7532c| 75328| 75335 75343] 75351 
75358} 75366} 75374 75381] 75389] 75397} 754%| 75812] 75420| 75427 
75435| 7544:| 7545<| 75458] 75465] 754727] 75451] 75485} 75496| 755% 
75541] 75519] 75526) 75534 75542 75549 28557 23565 272 7558 

2.75587 [2.75595|12+75603|2+75010|2.75618|2.75626|2-75033 2750410275648 2.7565 
75064] 75671] 75679) 75636) 75694] 75702 75709] 75717] 75724] 7573: 
75749] 75747] 75755| 75762| 75770 75778] 757850 7579: 7580c| 75808 
75815 75823] 75831] 75833] 75846 75853 75>61] 75368] 75876 75834 
7891 75899] 75906] 75914| 75921] 75929] 75937] 75944 7595*| 75955 
75907| 75974] 75982 75989 75997] 76005| 76012 7bozo| 76027} 76035 
760432 | 76050] 76057] 76065 7072] ybo8o| 76087 76ogs} 76107 76110 
76118] 76125| 76133] 76140] 76148] 76155) 76163) 76170] 76178 76185 
70193 | 762c8] 76215 76223] 76230] 762380 76245 76253 7626c 
76268] 76275] 76283] 76290] 76298 76305 76313] 76320| 63280 76335 
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2.76343 


76418 
76492 
76567 
76641 
76716 
76790 
26364 
76935 
77012 


I 


2.70353 
76425 
76500 
76574 
76649 
76723 
76797 
76871 
76945 
77019 


3 


2.70358 
76433 
76507 
76582 


91 
9 

9 
ge 


96 
957 
gd 


0 1.77085 


77159 
77232 
77305 
71379 
77452 
77525 
71597 
77676 
77743 


2.77093 
77166 
77240 
77313] 
77386 
77459 
77 532 
77605 
77677 
77750 


22 


57. 77764 


1.77815 


77887 
77960 
78032 
78104 
78176 


| 79176 


©13-79934 


80003 
30072 
80140 
$0209 
80277 
$0346 
80414 
$0482 
$0550 


2.77822 
77895 
77967 
78039 
78111 
78184 
78254 
78326, 
78398 
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2.78540 
78611 
78682 
78753 
78324 
78895 
78965 
79036 
79106 


2.79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79503 
79872 

2.79941 
8001c 
80079 
80147 
30216 
30284 


803 53 


3.79253 
79323 
79393 
79463 
7953? 
79602 
79671 
7974) 
79810 
79879 

2.79948 
80017 
8008s 
80154 
80223 
80291 


80359 
80428 


80421 
80489 
30557 


80496 
80 564 


. 
70365 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
76960 


2.77107 
77181 
77254 
77327 
77401 
77474 
77546 
77615 
77692 


2.77837 
77909 
77981 
78053 
78125 
73197 
78269 


1.79200 
79335 
7940 
79470 
79539 
79609 
79678 
79748 
79317 

79880 


4 


5 


6 


7037: 
704 
76522 
76597 
70071 
76745 
76815 
76893 
76967 
A. 
2.77115 

77188 

77262 

77335 

77408 

77451 

77554 

77627 

77699 

77712 
2.77844 
77916 
77988 
78c61 
78132 
78204 
78276 
78347 
78419 
78490 


I - 


2.70380 
76455 
7653c 
76604 
76672 
7675: 
76827 
76901 
7697: 
77048 


2.70388 
76462 
76537 
76612 
76686 
7676c 
76834 
76908 
76982 
7707 


77122 
77195 
77265 
7734? 
77415 
77452 
77561 
7763. 
77706 
77779 
2.77851 
77924 
77996 
78068 
7814c 
78211 
78283 
78355 
78426 
78497 


2.77129 
77207 
7727t 


| 77346 


7742: 
77495 
7568 
77041 
77714 
77786 


2.77859 
7793! 
78003 
78075 
78147 
78219 
7829c 
78362 
78433 

72504 


7 
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2.76395 
265470 
76545 
76619 
7669: 


2.77777 
772i 
77283 
77357 


7750? 
77576 
77648 
77721 
77793 


7740 


2.77144 


77217 
77291 
77364 
77477 
77510 
77583 
77656 
77728 
77891 


2.70410 


9 


76455 
76559 
76634 
76708 
76782 
768 56 
7690 
77004 


700 77078 
Z. 


7/151 
17225 
77296 
77371 
77444 
77517 
T7590 
77663 
77735 
77803] 


2.77806 
77938 
78010 
78082 
78154 
78226 
78297 
78365 


78512 


78440 


4 


77873 


77945 
78017 
78089 
78161 
78233 
78305 
78375 
78447 
78519 


2577880 


77952 
78025 
78097 
78168 
78240 
78312 
78383 
78455 
78526 


| 


2.78561 
78633 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 

2.79207 
79337 
79407 
79477 
79546 
79616 
79685 
797 54 
79524 
79893 


2.78509 
78640 
73711 
78781 
78852 
78923 
78993 
79064 
79134 
79204 
2.79274 

79344 

79414 

79434 


2.79955 
| 80024 
80092 
80161 
80229 
80298 
80366 
80434 


80502 
80570 


1.790962 


80030 
$0099 
85168 
80236 
$0305 
80373 
80441 
$0509 


$0577] 


2.78576 
78647 
78718 
78789 


78583 
786 54 
| 73725 
78796 


78937 
79007 
79078 
79148 
79218 


78866 


2. 


78590 
78661 
78732 
78803 
78873 
78944 
79014 
79085 
79155 
79225 


2.79281 
79351 
79421 
79491 
79560 
72963c 
79699 
797068 
79837 
ago 


2.79975 


80044 
80113 
80182 
80250 
80318 
30387 


30523 
80591 


804 55 


2.79288 
79358 
79428 
79498 
79567 
79637 
79706 
79775 
79844 
79913 

2.79982 
8cog1 
80120 
80188 
80257 
80325 
$0393 
$0462 
$0530 


25391 


79295 
79365 
79435 
79505 
79574 
79644 
79713 
79782 
79851 
79920 


2.79989 


80058 
80127 
80195 
80264 
80332 
dog co 
80468 
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79232 


2.79302 


78597 
78668 
78739 
78819 
78880 
78951 
79021 
79092 
79152] 


79372 
79442 
7951 
79581 
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3 8 ld 3 Z BPR 6 j- > 8 

2.80618 2. $0625 2. T0632: 2. 8063802. 805452. 80652 2. 5065) 2.5660 5 0672 2 5077. 
80686] 80593] 80699] 80706] 80713] 807200 80726 80733 $0740 2 
80754] Bo76c} 80767] 80774] 80781] 80787] So79g] 80801 80808 

S082] Bobz5} 80835] 80841] 80848] 80855] 829362] 80868 89085: 

80889] 8089 5 Sogoz] Bogoy} Sogty| 30922] 80929 80936] 809943 
80956] 80963] 80969 80976] 808 80990] 80996 Srooz} 81010 
81023] Soo 810374 Sro4z3j Srogof 81057 81064] Slo70] 8075 
Sog 81097] Bilog 811110 81117] Sinzy 87137] 81737 Brig, 
$i $x158} 381164] $1171} $1178] $1134] $1191] $1198] $1204] 312117 
81224] 81231] $1235] $1245} $1251] $1258} $1265] $1271] 8727 
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924 95521] 95525] 9553 | 955300 95540 95545] 95558] 95554] 95559 $55 
03] 95569] 95574] 9557%| 95533] 9558˙% 95593] 95598 g5602] y5bcr} $34 
O04] 95617] 95622] 95626] g563:| 95636] 9564: 956460 go65c} y565:} 95% 
95665] 9507] 95674] 95679] 95654} 95689] 95694 956980 95702] 957 
obl 95713] 95718] 9572 [ 95727] 95732] 95737] 95742]. 957400 95751] 95] 
9 95761] 95706] 957795775] 95780} 95285] 95789] 95794] 95799] $5 
Oc 9550« 95517 958718] 95823 958280 95832] 95837 953842] 95847 45 
. 95856] g<*61] 58% 95871] g5875| 95880] 258850 2589 8395280 
g1-12,95904{2.9539v9|2.,yuSy14 2.35918 2.95023 2.95928 2.95933 2.9593802-95¼42 85 5 
295952] 95957] 95962] 95906| 95971] 95976] 957800 9598 95990 959 
12 95995 96004 960 9ο 95014 96019 96023 96028 96033 99 geg 
131 964 90052] 96057 96061 960660 968971] 9607 968 gbcs: 96:4 
14] g6095s] gb0yg] 9604 96109 964] gorrs| 96123] 95128] 951733 905 
IS] 96142] 90147] 96152] 961556 9661 gh166] 96171] 96175/96180 9010 
It} 9619 961944 96196 95294 96204] 96213 96218 96223 96227 967 
17] 95237] $6024 | 96246] 9625/0 962560 g6261| 962650 95276 96275 962 
18] 96284] 962 0 56264] 96299] 96303] g63c3| 96313 g6317; 9632: 963 
ref 96332] 90336] 96341] 96346] 963 C0 96355} 963 g6355) 96369) 17 
920 2.96379 2.96384 2.56388 2.90393] 2 906399¼/ 96402 2.984072 g041 212 .99417|5+9% 
21] 96426] 96431] 96435] 9644-| 96445] 96450 gy6454| 9455) 964% 9 
22] 96473] $6475] 96483] 96487] 96492] 96497] 965010 gv5c6 9070 955 
2 9652694525] 96530] 96534] 96534 95544] 9654 965530 9558/5 
24] 96567] 96572] 90577] 96581] 95586 96592] 9659 6% 9% = gbbos| WH 
25 96614] 566190 96624] 96628] 95533] 96638 96642 96647 96652 945 
26 9666 $6666] 96676] 96675] 960 9668 5] 96689 56694] 965% 967 
27] 96708] q6713] g6717] 96722 96727] 96731] g5736| 9674] 96740 977 
280 g67:5| 96759] 96764 96769] 96774] 96778] 96783 g6755| 957 9 
29] 96802] def 9681] 96816] g682c| 96825] g683-| 95334] 05832 
93012, 9684e]12.y0553]2.9085512.96862[2.95867[2. 9687 2.90870. 9088 12.908802. 5 
31] 96895] g6;00} 969 96909] 96914] 96918] 96923 96928 96932 * 
32] 96942] 96946] 96951 909570 g6g6c| 969650 9697 96974 95979 7 
33] 96988] 569930 96997] y7ooz] 97007 y7ors 97016 970210 57025 9*5 
34 9702:| 97939} 97044| 97049] 97953] 97053] 97063 97067 97072) 9 
35] 97087] 97956] g7ogo| 97095] 97100 97104 97199 g7114 971¹¹ 975 
36 972280 971320 97137] 9714] 97146] 977150 971550 97160 97158] 4 
37] 977 97179] g7183] 97188] 97192 97197 972 97 200 g721" * 
3 97220] 97225] 97230] 97234] 97239] 97243] 97248] 97252] 9725] J. 
3 97267] 9727972760 97280 9780 g72ge| g72gy4h 97290] 97394} 97 
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TABLE IV. 


n 


—— — — — — . - 
A Table ot Logarithms from x 1 to — | 
U 
4 | g - | 3 + | 5 6 F | 3:2 
50 17312 ˙973172˙•97322 97327 2·•97 3312.973260 2.9771402.97345 97350297754 
97359 97364] 973680 97373] 97377 97382 97 337 9739 ˙% 97396} 97400 
ul 97495] 97410] 974% 9749 97424 974280 974331 97437] 97442} 974 
1 97451] 97450 97400] 97465 97470, 97474] 97479! 97483 97483) 97493 
97497] 97502] 9759} g7511! g75016| 975975250 y7529| g7549- 97540 
4] 97543] 97545] 97552] 9757] 975% g7566] 97571] 97575] g758} 97535; 
+ 97 559 97594] 97599 97003] 970607, 970 g7617] 97621} g7626} 97630 
7 976350 97640 * 97549 97653 97658] 976631 97667} 97672 97676 
651] 97688[ 97050} 9790 976% 977% 977035; 977130 9777] 97722 
4 97727] 2221 < 228. 277 97745! 97749] 97754 97759] 97763] 97768 
Fw 29777212 97777 z· 9778. 7 860.9779 1.97795. 97800. 72-9709 97873 
zl! 97818] 97523] 97527 97532] 97876 97840 97845 97850 972550 97859 
22) 97864 97868 97873 9/577] 978978869789 97596] 979% 97905 
7905] 97914] 97915| 97923] 979 28 97932] 97937; $7941} 97940 97950 
97955] 97959] 979%4| 9 79680 97973, 97975] 97982 97957] 97991 97956 
goo] g8c05| 98009 98014] 98919 98 , 98928] g8032 98037 98041 
98045 980 50 93055 98259 98364 98008 98073 98078 98082 98087 | 
g3og1} 98096 9810 99105 98109 98714 95118 981231 981270 98132 
98137 98141 981466 98150 155, 98159 58164] 98168 98173 98177 
98182] 98186 98191 98195] 9825 58204 99209 98214] 98218 98223 
0 2.982272.98 2322.982300 2.9524. 98245 2.982 66ʃ2. 98264 2.952 5002.982622 8208 
6 95272 9827 982 1 9828 | 95290! 93295 98299 98304 9530 58313 
83180 98322 93327} 983 98336] 9834c| 983460 98347} 98354| 95358 
f 98363 98367 983721 983560 93381, 9838 9390 985 144 9839 98402 
sos 95412} 98417] 95427 3 98430 984.25 984 } 98444) 98448 
9 98453] 98457 98462 98465 93471] 98475] 98480 98484] 9848% 98423 
4 g3448 95502] 98507 98511 92576 58526 98525 9552s} 985340 98838 
„ 9543] 93547} 53552] 985560 9856 98565] 9857 98574] 5857038383 
9588 98 59 98577 98601 98605 98618 698614 9807 98623 98628 
5. 98632 98637 98941 98646 986 v0 9855 — 980 64 986689 23073 
1.9867 2.0632 2.75680 : 98691 2.950952. 9 700[2. 987904 2.937052. 98713 2.98717 
722 93725| 98731] 93735] 987% 93744] 974% 9875:| 98785 98762 
72) 95767 9877 987760 98780} 98784] 98739 98793 98778] 958802 98807 
ii 98816} 988200 93825} 98829} 98834 98838 93845} $8847] 58851 
14 98856] 9826; 2 g380,5] 9886 [874] 958780 988830 9888 98572 98836 
7 98900 98905 98909 9891 92918} 93923] 98927 98932] 98836 5941 
os 98949} 9054 g395*%| 989630 g8967} 98972] 989760 98781] 989585 
7 98939 93994 98998 99c03} gyyo007} 99012990160 99021 9902 99029 
99034 99038 990 3 9994 99052 99056 99061 99065 9908 97074 
19 99075} 99033/ gyo87 99292} ggogs} 90100 99105] 99104] 99114} 99115) 
a -99123[2099125/2.991 3H2.94153912.9914c|2. 99145 2+99149, 2-99154 $ 99155} 2 99102 
" 99167] 9⁰ 99175] 598991850 9917890 99193) 998 99202 99207 
19 921 952160 9922| 99224] 9922 99233} 99235} 99242} 99247} 99251 
99255] 99260] 99264} 99269] 992730 992 99282 992860 99251) 99295 
ly 9938868 g9304| 993080 99310 993130 3932 99326) 9933} 99335} 99339 
| 99344] 99343] 99352] 99357 99361] 99306] 99379; 99374] 99379, 99393, 
99398] 99322 939% 99401] 99495} 9904100 99414 9941 99423} 99427; 
| 3 99436 99447) 99445} 99449] - 99454 99458 99463} 99467] 93471 
99470 99480, 9948 J me 99493} 9949 99502] 995c6| 99511 99515 
2224 99520 pf 9953 995371 9954 99346 = 99555] 9559 
7 7550 2.99568 2.995 n 2.99581½2. 9955995929950 9959902 99603 
3957 99612] 99614 9920 93820 996 99634 99639 99542 99647 
j- 9995!] 99656! gg660| 99˙⁰ 4 99669 9967 99277 95 682 99680 9969¹ 
5 99695 9960 997 99% [ 99712! 39717 9972 99726 99730 99734; 
4 9973"| 99743 9974 99752| 99756| 9976 99765 9976 22875 99778 
57895787 99791 99795| 998, 9 f 9988 97,51 12 
70 99826 99830 99835 93339 99343 99848 99852} 94356; 55861 99865 
711 ; 
1 99370} 99874 99878 99383] 99887 99890 99896 99900 99904 99909 
'| 99913] "99917, 99922 99426] 999300 99935; 99' 29 994 99943 99952 
3 99917 99991! e 8 99974 999758 99983 99987 89991 99996 


TABLE V. Of ARTIFICIAL Sines,T angents, and Secants. © Degs, 


M.] Sine. |Co-fine. | Tangent.! Co-tang. | Secant. \Co-fecant | | | 
© {10.00c00 [10.00500 | 109.90000 | Infinite. * [12 0-000 | Infinite. | $0 | | 
1 6. 46373 ococo 6.46372 13. 53627 |10.0cu00 13. 53627 7 
2 | 764706 oo oo 76476 23524 oo OO 23524 58 
3 94085 ooo 94085 05915 cooco 05915 57 
4 7.06579 029009 [7.056579 12. 93421 ococo [12.93421 56 
& | 16270 00000 16270 $3730 ooo o $3739 | 55 

6 | 24188 | oocoo 24188 75812 ooo 75812 | 54 
7 30882 ©0000 30882 69113 ©OC090 69113 53 
$ | 36581 C0920 36682 63318 ©0000 62318 | 52 | 
go | 41797 ©020C0 4179 53203 ooo 638203 | 1 
10. | 40373 o ο 46373 53627 00200 53627 | 50 | 
11 7.40512 flo. oo Oo | 7.50512 12.494895 flo. ocoοꝙ [12.49485 wry 
12 | 54210 ©0000 54291 45709 ©0000 45709 | 43 | 
13 | 57767 ooo 57767 42233 oocoo 42233 | 47 | 
14 60985 00009 60986 39014 ©0000 39015 | 46 | 
15 | 63982 ©0009 63982 36018 00C00 36018 | gs | 
16 66754 COOCO 66785 33215 o oo 33216 44 | 
17 | 69417 [9.99999 69418 30532 ©COUO 30583 43 

18 | 71300 99999 71900 281c0 OOCO! 29100 | 42 | 
19 | 74245 99999 74248 25752 Oc CCl 25752 [ar 

20 | 76475 99999 76476 23524 00001 23525 . | 40 | 

21 [7.78594 [3-99499 7.78595 12. 21405 [10.0c001 |12.21406 39 | 

22 | 8c615 99999 8o06r5 195385 00001 19335 33 

23 | $2545 99939 82546 17454 coool 17453 | 37 | 

24 | $4393 99999 843 4 15606 ©COO1 15607 | 36 | 

25 | 86166 99979 86167 13833 | ©0001 13834 35 

26 | 87570 99999 87371 12130 ©0001 12130 | 34 

27 89509 | ,99999 89519 10490 ©2001 16491 | 3} 

28 | 92088 99999 91039 08911 cooot 08912 32 

29 | 92612 99999 92613 07387 ©0002 07388 | 31 

2 94984 22222 9286 05914 ©0002 05915 3 

31 7.95508 [9.99998 7.95510 12.0449 |19.00002 [12.04492 | 29 

32 96887 99998 96889 823111 ©0002 03113 | 28 

33 | 98223 9999S 9822 01775 oo 01777 27 

34 | 99520 99998 99522 ©0478 COCO2 c0480 | 26 

35 8.00779 99998 [|8.co731 [|11.99219 ooo 1.99221 | 25 

36 | 02002 99998 02004 97 99G C0902 97998 | 24 

37 | 03192 99997 03194 9680 5 00002 g6808 | 2 

38 | 04350 99997 C4353 95647 02003 95550 | 22 

39 C5478 99997 05451 94519 ©0023 94522 | 21 

40 6056 578 99997 06581 93419 00003 93422 | 20 

41 j13.07650 95997 8.07653 11 92347 [10.0coo03 1.92350 | 15 

42 08696 99997 08700 91400 C0003 91304 | 18 

43 | 03718 99997 09722 90278 ©2C03 90281 | 17 

44 | 10717 99996 10720 89280 00004 89283 16 | 

45 11693 99996 11696 833 4 ©0004 88307 15 

46 | 12647 99996 12551 87349 C0004. 87356 | 14 

47 135S1 99996 13585 86415 ©0004 86419 13 

48 | 14495 99996 14500 85500 C0004 85505 | 12 

49 | 15391 99996 15395 84605 09205 84609 | 11 

50 | 16268 99995 16273 83727 ©02c0% 83732 | 10 

51 8.17128 [9-99995 8.17132 11. 8280% [10.00005 |11.82872 9 

52 17971 99995 17976 82024 oo o 2029 8 

53 18798 99995 15804 81196 ©0005 81202 7 

54 195699995 | 19616 80384 ©0005 80399 | 6 

55 | 20407 99994 22413 79587 ©2006 79593 5 

5 21189 99994 21195 78803 00Gb 78511 4 

57 21958 99994 21964 73036 00006 78042 3 

53 | 22713 99994 22719 77280 ©5006 77206 2 

59 | 23456 | 99994 23462 76538 occ06 76544 | 1 

60 24186 99994 24192 75808 00006 75814 0 

| Co-tine, Sine. for tang. Tangent. |Co-ſecant]| Secant. M 
— ——— — 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and'Secants. 1 Deg. 


M.] Sine. Co-fine. Tangent. | Co-tang. j Secant. | To-fecant! 
| o 3.24185 9.99993 [$+-24192 f. 75808 10 00007 1.73514 "Go | 
11 24993 99993 24910 75090 00007 75097 $9 
| 2 | 25609 99993 25616 74384 00007 74391 58 
3 | 26304 |} 99993 26311 73088 ©9007 3696 | 57 
4 | 26988 99992 26996 73004 0000” 73012 56 
5 27661 99992 27609 72331 ooo 72339 55 
| 6 28324 99992 28332 71668 co 71676 54 
71238977 99992 2898 5 71014 02008 71023 53 
| $] 29621 99991 29629 70371 00008 70379 52 
9 30255 99991 29253 69737 ooo 69745 51 
to 8. 30879 [3.99991 8. 30888 [1.6% 112 flo. co 16 50 
11 31495 69991 31585 68495 coooꝗ 68:05 | 49 
| 12 | 32103 99990 32112 67888 00009 67897 | 45 
1 327c2 99990 32711 67289 OOOto 67298 | 47 
I4 | 33292 99990 33502 66697 ©CO10 66708 46 
15 33875 99989 33886 66114 COOLO 66125 45 : 
16 | 34452 99989 |, 34461 65539 COOL1 65510 | 44 
17 35018 99989 35029 64971 OCOI1 649892 | 47 
18 | 35575 99989 35589 64410 OOOTI 64422 [42 
19 | 30131 99989 30143 638 57 oO0011 63868 | 41 
20 3. 3608 [9.99988 8. 36689 1.3310 [10.0.012 |11.63322 | 40 
211 37217 99988 37229 62771 00012 62783 | 39 
22 7750 99988 37762 62238 00012 622 50 38 | 
23 38276 99987 38289 61711 COOL 7 61724 | 37 
24 |. 33796 99987 38809 61191 oo 13 61204 36 || 
E 39310 99987 39323 60677 oog 6069 | 35 | 
20 39818 99986 39832 60168 00014 62182 34 | 
27 | 40320 99986 40334 59666 COO 14 59688 | 33 
i 40316 99980 40830 59170 ooo 14 59184 32 
29 41307 9998 5 41321 55679 ooo 55693 KLE 
30 8.41792 9.99985 3.41807 1.581% [10.Ccoi5 1.58208 30 
311 42272 99985 42287 57713 CCC15 57728 29 
32 | 42746 | 99934 | 42762 57235 C2216 5725+ | 23 
33 | 43216 99934 43231 56768 ©0016 56784 | 27 
34 | 43680 99984 43696 56304 CC016 56320 | 26 
35 | 44139. | 99953 44156 55544 COC17 55861 | 25 
36 | 44594 99953 44611 55359 00017 554-6 | 24 
37 | 45944 | 99933 | 45061 54939 CO.17 54956 | 23 
33 | 454%9 | 999382 | 45507 54493 02915 $4510 | 22 
39 | 45930 99982 45948 5$40<2 oCO18 $4070 21 
49 [$.45366 9.99982 8.46385 [11.53615 fo. n [11 53635 | 20 
41 | 46795 99981 46817 53183 CoO1g 53201 19 
2 47226 99981 47245 52755 COC19 52774 | 18 
43 | 47659 | 99980 | 47669 $2331 oo $2350 | 27 
44 48069 99989 48089 51911 COO20 $1931 16 
45 48485 99980 | 453505 51495 ©2020 51515 | 15 
46 | 43396 99979 48917 51083 C0021 51104 | 14. 
47 | 49304 99979 49325 59675 00021 50696 13 
48 49708 99979 49729 50271 00021 50292 12 
49 os 99978 50 130 493872 | ©0022 49892 11 
50 3.50504 9.99978 (8. 50527 |11.4947z (10-0-022 |I1.49495 10 
31 50897 99977 50920 49050 00G23 49103 9 
52 51287 99977 51310 48690 oc 23 48713 8 
53 $1073 99976 51696 48304 ooo 48328 7 
54 52055 99976 52079 47921 00024 47945 6 
55 | 52434 | 99976 | 52459 47541 0022 47506 |: 4g 
56 | 52819 | 99975 | $2835 47165 ©C02 4719 4 
67 | $3853 99975 53208 46792 00025 46817 . 
581 $3552 99974 53578 46422 COC265 46443 2 
59 | 53919 | 99974 | 53945 46055 ©0026 46081 I 
bo |__54232 | 99973 | 54308 45692 02026 45715 | ©} 
— | Sine. | Co-tang.! "Tangent. Co- ſecant! Secant, ' MI. 
— — — - 
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TAntfHE V. Of ar THIFICIAL Sines, Tangents, and S-cants. 2 Degs 


ee an hy 
I.] Sine. [Co-:ſine. Tangent. Co-tang. | Secant. Co- ſecant | 
© 8. 54282 6.99973 8. 540% [1.45992 flo. coO26 11.4578 78 
3 54642 99973 54694 45331 COO27 45353 57 
2 | 54999 99973 $5927 44973 00027 45000 55, 
355354 99972 5535? 44615 00028 44646 557 
4 | $5795 99972 55734 44266 00028 44295 | & 
5 56054 99971 56083 3917 00029 $3946 : „ 
6} 5640 | g9992 | 56429 43572 ©0029 436co | -, 
1 | 55743 | 99970 | $6773 43227 COO3zO $3257 | 53 
8 57084 99970 57114 42886 C0030 42916 | 32 
9] 57421 99970 | 57452 4.2548 ©0930 42579 ” | | 
10 3.57757 99999 8 5778. 42212 flo. 00031 11.422343 7 
11 | 58089 99968 53127 41879 oo0o6 44% % 290% 
12 584% 99968 $5451 41549 00032 | 41581 | 48 
13 | $8747 | 99967 | 58779 41221 00032 | 41253 | 47 
i 214 | 59072 | 99907 59105 40395 C003 3 40927 | 46 
15 | 59395 | 93966 594283 40572 C0233 40625 | 45 
16 | 59715 | 99966 59740 40251 oco34 40285 44 
17 | 60033 99965 60 39932 00034 39967 | 43 
18 | 60349 99955 60384 39616 0003 5 3995! | 42 
19 | 60662 99964 60638 39322 00035 | 39338 41 
20 3.60973 6.99964 [3.61009 11.3899 [10.00030 11. 39827 7 
21 | 61282 99953 61319 38681 00036 338718 30 
22 | 61559 | 99963 61626 28374 00037 ns 
23 | 61594 99962 61931 38069 00038 338106 37 
24 | 62196 99962 62234 37766 coo038 37804 | 36 
25 | 62495 | 9996 | 62535 37465 00039 37593 | 35 
- 62795 99961 52854 37166 00039 37205 | 3; 

7 | 63091 99960 62131 36869 02040 36999 | 33 
28 | 63385 99965 63426 36574 ©CO49 30615 | 22 
29 | 62675 99959 63718 36281 00041 36322 | 31 || 
30 [8.63968 [5-99959 [5.64009 11. 359 [19.0041 1.30032 30 
31 } 64259 | 99955 64298 35702 ocog2 | 35744 | 29 
2 | 64543 | 99957 | 64555 35415 oo | 35457 | 25 
33 | 64827 99957 64570 35130 00043 $3273 | 27 
3+ | 65110 99956 65154 34346 00044. 34890 26 
35 | 65391 | 99956 | 85435 34555 0004 4 34609 | 25 
| 39 | 65%7 99955 | ©5715 34285 oc045 34332 24 
| 37 | 65947 99955 65993 3400 00245 34052 23 
35 | 66223 | 99954 | 66269 33731 05046 33777 | 22 
| 39 | 66497 J. 99953 66543 33157 00046 33503 | 21 
40 8.66769 9.99953 [3.66516 1.33184 f. coca 1.33231 0 
4 67039 99972 657087 32913 00048 32961 19 
42 673c8 99952 67556 32644 ©0043 12672 18 
43 7575 99951 67624 32376 00049 32425 | 17 

+ | 67840 99951 67890 32110 00047 32169 | 16 
45 68104 99959 63154 31846 ooo 21896 | 15 
46 | 68366 | 99949 | 63417 31583 051 31633 | 14 
47 | 68627 99949 68675 31322 0995 I 31373 13 

| 45 | 65886 99948 68938 31062 co 52 21114 | 12 
49 069144 99947 61146 3084 oo 52 30856 | 11 
50 8. 69400 [9+99947 8. 64453 [11.30547 10. 00053 1. 30690 1 
51 69654 9994 99708 30292 o9054 30346 9 
2 69907 99946 69952 30038 o 54 30093 8 
53 70159 99945 70214 29786 co 2981 7 
54 | 70499 99944 70465 29535 00056 24591 0 
$5 | 7065s 99944 70714 29286 50056 23342 | 5 
56 | 70905 9994 3 70902 29038 00957 206095 | 4 
57 | 71151 99942 71a 28792 C0058 2884.9 | 3 
58 | 713095 99942 71453 28 546 00058 23595 | 2 

| 59 ( 71638 99941 71657 28303 00259 28361 | I 
60 | 71880 |] 99940 | 71949 28060 ©2059 28120 © 

- 'Co-line. | Sine, 'Co-tang.| Tangent. |Co-ſecant! Secant. XI. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants, 3 Degs. 
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Co ſine. 


M.] Sine. Co:ſine. 
8.71880 9.99940 
72120 99940 
72359 99939 
72797 99939 
72834 99938 
73969 | 99937 
73303 99939 
3535 | 99930 
| 73797 99935 

| 73997 |__99934 _ 
8.74226 999934 
74454 | 99933 
| 74650 99932 
| 74995 99931 
75130 99931 
75353 | 99939 
75575 99929 
75795 99929 
76014 [99928 
792 74 925922 
5.70451 19.9y920 
76667 99926 
76583 99925 
77097 977924 
77310 99923 
| 77522 99923 
| 77733 99922 
77943 99921 
| 78152 99920 
78360 09920 
8.73567 [9-9391y 
73774 | 99915 
72979 | 99917 
79183 | 99917 
79336 | 99916 
7955S 999915 
79789 99914 
19599 YI 13 
80189 9913 
88388 99912 
| 80585 9.9791 
83732 99970 
80975 99999 
81173 99929 
81367 99908 
$1569 99907 
31762 99985 
$1944 | 99995 
$2134 | 99994 
82324 99994 
3.82513 9.99903 
82701 99902 
82883 99901 
$3975 99909 
83261 99399 
$ 3445 99895 
$3639 97893 
63913 | 99997 
$3996 959396 
9 | $4177 | 99395 
+ 34353 | 99394 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 4 Deos, 


2 — nw... 
— — 


Ar. Sine. jCo-fine. Tangent.] Co-tang. | Secant. |Co-ſecant, | 
9 8.84358 9.99894 [3.54464 11. 15536 10. 00106 11. 18642 "Ld 
5 84539 | 99893 84645 15355 00107 15461 9 | 
«1 $4718 99592 84826 15175 00108 15282 3 
3 | 84397 99891 8 5006 14995 ©2109 15103 $7 | 
4 | 85075 99%go 85185 14814 oe 1492 5 56 
5 | 85252 99890 85363 14637 0110 14748 es | 
6 $5429 | 99889 85540 14460 0111 14571 4 
7 85605 | 99883 85717 14283 00112 14395 £2 
$ | 85780 | 99887 85893 14107 00113 14220 | +1 
9 85955 99886 86 69 13931 90114 14045 | 1 
10 3.86128 9.99885 8.86243 1.13757 (10. 00115 ff. 13872 07 
11 86 30 99884 86417 13583 00116 13699 | 49 
12 86474 | 99883 87590 13409 00117 13526 28 
13 86645 | $9582 86763 13237 00118 13325 47 
14 86816 699887 86935 13065 00119 13183 | 46 
15 86987 99830 87106 12894 09120 13013 | 4; | 
16 87156 | 99879 87277 12723 o 120 12543 44 | 
17 87325 99973 $7447 2553 COI2N I2674 43 
18 87404 99878 87616 12384 00122 12506 | 42 
19 87661 99377 87785 12215 00123 12328 41 
20 [J. 87829 9.99876 [3.87953 ff. 12047 (10. 00124 |11.12171 J 
21 87995 | 9975 85120 11880 090125 12005 39 
22 88161 99874 88287 11713 00126 11839 33 
23 88 326 99873 88453 11547 00127 11674 | 37 
24 88490 995872 88618 11381 00128 11510 30 
25 88654 99871 88783 11217 02129 11346 35 
26 83817 99870 88948 11052 00130 11183 34 
27 $8930 99869 89111 10889 00131 11020 | 33 
28 89142 99868 8927 10726 00132 10358 32 
29 89304 99867 89437 10563 00133 10656 ar | 
'30 (3.89464 9 99805 [3.89598 |11.10402 |10.00134 [11.10536 | 50 
21 $5624. 99865 $9760 10240 00135 10375 29 
32 | 89784 99864 89920 10080 00136 10216 | 23 
33 | 39943 | 99863 | goodo 09920 0137 10057 æ 27 
24 90102 99862 90240 09760 00138 09893 2 
35 90260 99851 90399 09601 00139 09740 25 
36 | 90417 99860 | 90557 09443 00140 09583. 24 
37 | 99574 | 99859 | 90715 09235 60141 09426 | 23 
38 90730 99858 90872 99128 00142 09270 | 22 
39 90885 99857 91028 [08971 00142 09115 21 
"40 8.91040 [9.99856 [8.91185 1.08815 [:0.00144 11.0896 20 
4.1 91195 99855 91340 08660 00145 o8805 19 
42 | 91349 | 99854 | 91495 05505 00146 o8651 | 13 
43 | 91502 99853 | 91649 C5350 00147 o8498 | 17 
44 | 91655 99352 | 91503 ©3197 00148 08345 | 16 
45 91807 99851 91957 03043 00149 08193 15 
46 | 91959 99849 99110 07890 00150 o8041 14 
47 92110 99848 92262 07738 OO1 51 07890 13 
48 92267 99847 | 92414 07536 00153 07739 | 72 
49 | 92411 99846 | 92565 07435 OI 54 758 | 1 
50 3.92561 99845 8.92716 1.07284 10. 00155 1.07439 10 
51 92710 00344 92366 07134 001 56 07290 9 
52 | 92859 99843 93015 06984 00157 07141 8 
53 93007 99842 93165 06335 00158 06993 7 
54 93154 99841 93313 06687 00159 06546 6 
55 93301 99840 93462 06538 oo 160 06698 5 
56 93448 99839 93609 06391 o0161 06552 4 
57 93594 99838 92756 06243 00162 064c6 3 
538 93740 99837 93903 06097 00163 06260 2 
59 93855 99835 94049 ©5951 001064 06115 I | 
60 94030 99834 94193 & 8805 00166 05970 0 
Co-ſine. Sine, Co- tang.· Tangent Co- ſecantl Secant. Ml. | 
— — 
85 Degrees. 


Tate V. Of ARTIFICIA 


L Sines, Tangents, and Secants. 5 Degs. 


— — — — — — 


M.] Sine. | Co-fine. Tangent. Co-tang. 
o 8.94030 9.99834 8.94195 f. 05805 
1| 94174 [99833 94340 05660 
2 | 94317 | 99332 | 94455 o5515 

I} 3 | 94461 | 99832 | 94629 05370 
4 | 94603 | 99930 | 94773 05227 
5 | 94746 | 99329 | 94917 05083 
h 94887 99328 95060 04940 
* | g5029 99827 95202 04.798 
$8 | 95170 | 99825 | 95344 04656 

5 95310 | 99824 95186 04514 | 
10 8.95450 9.99823 3.95627 11 04373 
1193590 99822 95767 04233 
12 | 95728 99821 95907 C4092 
13 | 95367 | 99329 | 96047 ©3953 
14 96005 99819 96187 03813 
15 | 96143 99817 96325 03675 
16 | 96280 99816 L 96464 03536 
17 | 96417 g9815 96602 03398 
18 96553 99814 96739 03261 
19 96689 | 95813 | g6877 23123 

20 8.96825 9.99812 3.97013 1.02987 

21 | 96960 99810 97150 02850 

22 | 97095 99809 97285 02714 

23 | 97229 [99808 | 97421 02579 

24 97363 99807 97556 02444 

25 | 97496 99806 $7691 ©2309 

2697629 9980497825 02175 

27 | 97762 99803 97959 o2041 

28 97894 99502 98092 01908 

29 | 98026 99801 98225 01775 

30 8.98157 9.99800 8.98358 [1.01642 

31 98288 99798 934.90 Or5lo 

32 | 98419 | 99797 | 95622 0137S 

33 | 93549 | 99796 } 995753 01247 

34 | 98579 | 99795 | 95534 1116 

35 | 93808 | 99793 99075 0985 

36 | 98937 | 99792 | 99145 oo855 
7 | 99066 | 99791 | 99275 00725 

3899194 | 99790 99405 ©0595 

39 |__99322 99788 99534 00466 

40 8.99450 9.99787 8 99662 [11.00338 

41 99577 | 99786 | 99791 00209 

42 | 99704 | 99785 | 99919 00081 

43 | 99830 | 99783 [9.00046 1.99234 

54 999 $6 99782 | 092174 99326 

45 |9.000382 99781 00301 99699 

46 | 00207 99780 00427 99573 

47 | 00332 99779 00553 99447 

4s | 00456 | 99777 | 00b7g 99321 

49 | 00580 99776 os | 99195 

50 h. o 9.99774 9. 09 0.99070 

51 | oo828 99773 OIOSS 98945 

52 | 90951 99772 01179 98821 

53 | 01074 [99771 | 01303 98697 

5 601196 99769 01427 98573 

$5 | 02318 9976 01550 984 50 

56 | 02440 |, 99767 | 01673 98327 

$7 | o1561 99765 01796 98204 

53 | 01682 99764 (1918 98082 

59 [61803 99763 02040 97960 

bo [61923 99761 02162 97838 

|Co-ſfine. | Sine. \Co-tang.' Tangent. 


Secant. Co- ſecant 
10. 0 166 1.05970 
00167 95826 
00168 ©5683 
90169 ©5539 
02170 05397 
OO171 05254 
00172 95113 
00173 04971 
00174 04830 
90175 04690 
10-c0177 [1.04550 
00178 04411 
co179 04272 
00184 04133 
00181 03995 
o 183 03857 
00184 03720 
S018 03533 
001865 03447 
00187 892371 
1. 0188 1.03175 
c0190 03Cc40 
00191 02905 
0192 02771 
00193 ©2637 
00194 02504 
00196 02371 
00197 02238 
co198 ©2106 
00199 0197 
10,00200 11. 01843 
00202 01712 
co203 01581 
00204 ©1450 
00205 01327 
oog 6 C1192 
CO208 C1063 
00209 00934 
00210 00326 
00211 00678 
10. 00213 [11.0050 
00214 oo423 
CO215 00296 
coz16 00170 
00218 C0044 
00219 10. 99918 
9 97723 
CO222 99668 
00223 99544 
00224 | 99419 
10.00225 [10.99296 
CO227 99172 
co228 99049 
CO229 98926 
00231 98884 
002.32 98632 
00233 98560 
O0234 98439 
00236 98318 
00237 98197 
03239 98077 
Co-ſecant! Secant. 
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84 Degrees, 


Tasrz V. Of arTHIFICIAL Sines, 


Tangents and Secants. 6 Deng, 


. — — — 
IVI. Sine. — — Co-tang.] Secant, Co- ſecant | 
oO 9. 01923 9.99761 9. N 8 97838 0.00239 ſio. 98076 
| I 22043 | 9927 0 02283 | 97717 80240 97 25 5 i 
| 2 | 02163 997359 02404 | 97596 CO24.1 * b4a 59 
3 | 02283 | 99757 2323 97475 0243 907717 57 | 
4 | 02492 | 997506 020645 | 97354 244 975959 | 56 || 
5 | 02529 | 99755 | 02765 | 97234 | 00245 974% | 53 
6 | 02639 | 99753 o25%5 | y7115 | C 2.47 97361 
7 | 02757 j 99752. | 93095 96995 02245 97243 N 
S | 02374 99751 | 03124 96876 00249 97126 1 
g | 02992 | 99749 | 05242 | 906757 00251 97008 
10 [3.03109 9.99748 0.03361 10. 96639 10. 002 52 [19.96891 1＋— | 
11 03226 | 99747 | 03479 96521 00253 9677 Tl 
12 03342 99745 035537 99403 OO255 96658 f 
13 | 034538 | 99744 | 03714 96286 ©0256 96542 47 
14 03574 99742 02832 96168 002 57 96426 | 46 | 
I5 03690 99741 1048 96051 00259 96310 | 45 
16 | 03805 99740 4065 95935 00260 g6195 | 44 | 
17 03929 99738 04181 95819 o 262 96080 3 jt 
18 | 04034 99737 C4297 95703 oo263 95966 | 42 {1 
I9 | __C4149 | 99735 | 04413 | 95587 00204 = 98851 . | 
20 . 04262 }* 9937 34 0 C4528 10. 95472 10. 00266 10. 95737 | 4> ! 
21 | 04376 99733 04643 95357 co267 95624 1 
2204489 99731 | 04758 95242 09269 95510 1 
23 | 04603 | 99739 | 04573 95127 ©0270 9536 7 if 
24 | 04715 99728 04983 95213 coa71 | 952 36 
25 | 04828 | 99727 (65101 94399 C2273 95172 35 |} 
26 | 04940 99726 | 05214 94786 00274 9506 4 
27 85052 79724 5328 94672 O 276 94948 336 
25 | 05164 99723 ; 05441 94559 89277 94836 32 
29 | 05275 99721 | O5553 94447 ©0279 94725 | 31 
— —— — — — — — — — — 14 — 
30 . 05386 9.99720 . 05066 10. 94334 [10.00236 10. 94614 I 
31 | 05497 99718 95778 94222 oo281 94503 27 i 
32 | 05607 99717 05890 94110 oo 253 94393 28.0 
33 | ©5717 | 99716 | ovo0z 93998 02254 94233 | 27 {} 
34 05827 99714 06113 93887 C0256 94173 | 26 13 
35S | 25937, | 99713 00224 93776 00237 93-03 | 2; | 
36 | 06046 | gg7azr | 06335 | 93665 | S289 | 93954 | 24 | 
37 | 6155 | 99710 | 06445 93555 00299 93845 | 23 
38 | 06264 | 99708 60556 93444 ©0292 93736 22 
39 | 06372 59707 06665 93334 00293 9362$ 21 
40 9.06481 9.99795 . 06775 15. 93225 10.280295 10.9351 9 TY 
41 | o6583 99704 o6SS5 93115 02296 93411 | 219 |} 
42 | cbbg6 | 99702 | o6g94 93206 C0298 93304 15 || 
| 43 } 06804 99701 07103 92897 C0299 93190 17 
44 606911 99699 07211 92789 00301 93089 16 js 
45 | o7018 99598 7320 92680 09302 92932 i5 | 
46 | 071234 99696 07425 92572 ©0304 92876 14 
47 | 07231 | 99695 7536 92464 cozos 92769 13 
48 | 07337 996% | 07643 2357 0030% 92663 | 12 j 
49 | 07442 99692 228 9224 38 92558 E 
50 [9.07548 9. 99690 [9.07 bs 19.92142 fl0 00310 [1.92452 | 16 |; 
51 | 07653 99689 07964 9203 00311 92347 9 'f 
52 | 07758 [99687 08071 91929 00313 . 
53 | 7863 99686 08177 91823 00314 92137 7 
54 | 07968 99684 08283 91717 0316 92032 | 6| 
55 | o8072 99633 08389 91671 00317 91928 5 
56 | 08176 99681 08495 91505 ©0319 91324 | + || 
57 | 8280 99680 0860 91490 00320 97720 3 
58 08383 99678 08705 91295 00322 91617 2 
59 08486 99677 03810 91190 00323 91514 J 
bo | o8589 99675 08914 91086 00325 91411 0 
| Co-ſine. Sine. Co-tang.' Tangent, Co- ſecant Secant, | M. 
— —— —— ———k— >» 


83 Degrees. 
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TapLtt V. Of ARTIFICIAL Sines, Tangents, and Secants. 7 Degs. 


— — 


— 


Co- tine. Tangent.“ Co-tang. 


Secant. Co- ſccant 


Mm2 


CE GS 3 "iy a {ew cocoons — 
9.99675 9.08914 j12,91656b 10. 00325 1891411 60 
99073 8978919 | 90981 C 2320 9130 59 
99672 C9123 90877 c 0228 91205 58 
990670 989227 92773 00330 | 9110 7 
99009 {| ©9330 Q.670 00331 91001 50 
| 99667 09434 | 90590 C0232 90399 55 
99666 | 09537 | yo463 | 00334 | 99798 | 54 
7 nne 90360 09539 go696 | 53 
8 Qs 99602 | ©9742 90258 037 90595 2 
1 09506 | 99661 | 09545 90155 C0339 | 92494 (51 
10 [9.06606 |9.29059 19-09947 [10.90053 [10.0034 10. 90394 50 
1x | 09706 99658 1049 89951 00342 90293 | 49 
12 | og806 | 99656 | 10159 $3850 00244 90191 | 48 
13 09906 99655 | 102 52 89748 ©0345 90093 +7 
14 10006 99653 | 10353 $9647 00347 89994 | 40 
r5 | 19106 [99551 | 195454 89546 02349 89394 | 45 
16 10205 99650 10555 $9445 CO359 89795 | 44 
17 | 10304 | 99645 | 10056 89344 02352 39090 | 43 
18 12402 99647 | 10756 89244 00353 89597 2 
2 10% | 99645 | 15856 82144 00355 89499 | 41 
20 9.10599 3.99643 [9- 1950 15 44 10.880357 10. 89401 40 
Z1 | 100697 99642 | 11050 8894 00358 89303 39 
22 | 10795 996 LO i SETS | 81 $45 0953060 89205 | 38 
23 10393 99638 11254 83746 00362 89107 37 
24 og 99637 | 11353 88647 00303 $9010 36 
2511 87 99635 11452 88548 00365 58913 35 
26 11184 99633 11551 88449 00366 888160 | 34 
27 | 212281 99632 11649 88351 (0368 88719 | 33 
28 | 11377 9963011747 $3253 00370 88623 | 32 
29 | 11474 99628 11845 88155 20371 85526 | 31 
30 [9 11570 9.99627 9.11943 10. 88057 10. 00373 10. 88430 30 
31 11666 99625 [1240 87960 09375 88334 129 
32 | 11761 99623 | 12138 85362 00376 $3239 2 
33 | 11857 99622 12235 87763 00378 88143 | 27 
34 11952 99620 12332 87668 oo380 38948 26 
35 | 12047 99618 12428 87572 00381 57953 23 
36 | 12142 99617 12525 $7475 00383 87858 24 
37 | 12236 99615 12621 87379 00385 87704 | 23 
38 | 12331 | 99613 | 12717 $7283 00387 57669 | 22 
39 | 12425 99611 12813 87187 00388 87575 |_21 
40 12519 |9-9:610 |y 12909 10. 87091 10.003900 1 87481 20 
41 12612 99608 1300 85996 00392 $7397 19 
42 12700 99607 13099 86901 00393 57294 18 
43 | 12799 99695 13194 $6826 00395 87201 [17 
44 12892 99603 13289 86711 00397 $7107 16 
45 | 12985 996-1 13384 26616 40398 56015 | 15 
46 13078 99600 13478 36522 004CO $0922 14 
47 | 213171 99598 13573 86427 ©0402 $6329 | 23 
48 | 13263 | 99596 | 23667 $6333 00404 $6737 | 33 
49 | 13355 99595 13760 | $6239 00405 _ $6645 (11 
50 9.13447 -99593 . 13884 [10.86146 |i0+c04-7 — a0 
51 13539 | 99591 | 213945 86052 C0409 1 
ain | r40qr ee 
53 13722 99588 14134 85366 OC412 * / 
54 | 13813 | 9958 14227 85773 donn * 
$5 | 13904 | 99534 | 14320 85680 00416 2 5 
56 | 13994 09532 14412 $5588 00418 : * + 
57 | 14085 99581 | 1459+ 85496 90629 3 
4797 99579 | 14596 | 85493 | W048 1 
59 | 14266 99577 14688 85311 00423 4 $44 : 
| 60 | 14356 99575 14780 $5200 00425 eh BY, = 
2 Fee ee M ——— 
| Co-fine.| Sine. Co-tang. Tangent. Co- ſecant Secant, | M. 
— 24222 — 


82 Degrees 


TaBLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 8 Degs 


— —ñ — > 
M. | Sine, | Co-fine. — Co-tang. Secant. Co- ſecant || 
— — — | — —— 
o 9. 14356 [9.99575 9. 14780 10. 85220 [10.c0425 10. 85644 60 
I 14445 99573 14372 $5128 | 00426 $5555 | <9 
2 | 14535 99572 14903 $5037 | 00428 85465 53 
3 | 14624 99579 1505+ $49.46 | 00430 85376 57 
4 14714 99568 15145 84855 004.32 $5286 | 56 
5 14803 99565 15236 $4764 00434 85197 | 55 
6 14891 99565 15327 84673 S435 851083 54 
714980 99553 15417 84583 004.37 85020 | 53 
8 | 15c6g 99561 15 508 84492 co 39 8493152 
_9 | _15157 | 99559 15598 $4402 -| 00441 | 84343 | 5 
10 9.15245 9799557 [9.15683 fo. 84312 |10.00c443 10. 84755 50 
111 15333 99555 15777 84222 00444 84667 | 49 
I2 | 15421 99554 | 15867 $4133 00446 84579 48 
13 | 15508 99552 15956 84043 024.48 8:492 47 
14 | 15596 | 99559 | 16046 539 54 02450 £4404 | 46 
15 15683 99 548 16135 83865 00452 84317 | 45 
16 | 15770 | g9546 1622 83770 004 54 $3239 | 43 
17 | 15857 99545 16312 83688 ©0455 $4143 | 44 
18 | 15943 99543 16401 $3599 88457 542056 | 42 | 
19 __ 26030 99541 16489 83801 22459 83970 41 
20 [9.16116 9.99539 3.16577 [10.33423 10. 004061 10. S384 7 
21 | 16203 | 99337 | 16665 $3335 00463 $3797 | 39 
22 16289 99535 16753 83247 c0465 $3711 38 
23 16374 99533 16841 83159 00467 $3626 | 37 | 
24 16460 99532 16928 83072 00468 83540 36 | 
25 | 16545 | 99530 7016 82984 ©0470 83455 | 35 || 
26 16631 99528 17103 82897 OC4 72 $3369 | 34. i] 
27 | 16716 | 99526 | 17190 82810 00474 $3284 | 35 
28 16801 99524 17277 82723 00476 83199 32 
29 16886 99522 17363 82637 00478 — 33114 | 31 
30 9. 160% 9.99520 [9.17450 |10.82550 [10,00480 10. 83030 35 
31 17055 99518 17536 $2464 004.52 $2945 | 29 
32 17139 99517 17622 82378 oo483 82861 28 
33 | 17223 99515 17708 82292 00485 $2777 | 2 
34 | 17307 99513 17794 82206 004857 82693 | 26 
35 | 17391 99511 17880 82120 oo489 832689 | 25 
36 17474 99509 17965 82034 0049 1 82526 | 24 
37 | 17553 99 597 18051 81949 00493 82442 | 23 
38 17641 995 5 18136 $1364 02495 82359 | 22 
39 | 17724 99593 18221 81779 00497 32276 | 21 
40 9.17807 9.9950 9. 18306 10. 81594 10. 00499 |10,82193 | 20 
41 17890 99499 18391 81609 00 501 82110 19 
42 | 17973 $9497 18475 81525 00503 82027 | 18 
43 | 18055 99495 13560 $1440 00504 $1945 | 17 
44 | 15137 99493 13644 813586 00506 81863 | 16 
45 18220 99492 18728 81272 oo 508 4 81780 15 
46 15302 99490 18812 81138 CO510 81693 14 
47 | 18383 99488 13896 $1104 00512 $1617 | 23 
48 18465 99486 18979 81021 00514 81535 12 
7 13547 22484 19063 80937 00516 81453 1 
50 [9.18628 9.99482 9.79746 |10.80853 {10.00518 |10.81372 10 
5118709 99489 19229 $0771 C0520 81291 9 
52 | 18790 99478 19312 80638 | 02522 $1210 8 
53 18871 99476 19395 80605 00524 81129 7 
54 | 18952 99474 19478 $0522 005265 $1048 6 
55 | 19-33 99472 19561 80436 * 00528 80967 5 
56 19113 99470 19643 $0357 ©0530 80887 « 
$7 | 19193 99465 19725 82275 00532 8 807 3 
58 19273 99466 19807 80193 005 34 $2727 2 
591 19353 9944 19889 80111 00536 * 80647 I 
bo | 19433 99402 19971 8ooꝛ9 o0 538 80567 0 
Co-fine,' Sine. 'Co-tang.! Tangent. Co- ſecant] Secant. ' M. 
— —.— — 


81 Degrees. 
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TELE V. Of ARTIFICIAL Sines, Tangents, and Secants. 9 Degs, 


— 


— —-— 


— —— — — — 
M.] Sine. Co-fine. Tangent. Co-tang. | Secant, Co- ſccant 
— —— — Al — | — __ ſ — — — — — 
0 919433 9.99462 919971 10. 800 20% 10. 00638 10. 80567 | 60 
x | 19313 | 99499 | 20033 79947 00540 | $0487 59 
2 | 19592 99458 20134 79865 00542 $0408 | 58 
3 19672 99459 20216 79784 00544 80328 7 
4 | 1975 9945+ 20297 79793 ©2546 30249 | 56 
s | 19830 99452 20378 | 79621 C0548 $0171 55 
6 | 19999 99452 20459 795471 CO5 509 SOOCg1 54 
7 | 19988 99448 20540 79450 ©0552 80012 | 53 
8 20067 99446 20621 | 79379 00554 79933 52 
2 299444 2970. 79299 005 56 79855 | 51. 
10 9.20223 9 99442 920782 0.79218 10. 0558 10. 70%%777 50 
11 2 302 99440 | 20862 7913® 005H0 79698 | 49 
12 20380 99438 20942 79058 00562 79620 | 45 
13 | 20458 99436 21022 73978 | ©0564 79542 | &7 
14 2053 99434 21102 | 78 95 | cogH9 79495 46 
15 | 20013 99432 21181 78318 02565 79387 | 41 
16 | 20091 99429 « | 21261 78739 | 00570 79309 | 4 
17 20768 99427 | 21349 75059 00573 79232 | 43 
18 | 20845 | 99425 | 21429 73580 | 00575 79155 | 42 
N gog22 | 99423 | 27992 72521 00577 79078, | 42. 
20 19. 20999 9259421 9.21578 10. 78422 10. 00579 10. 7YCCI 40 
21 | 21076 99419 | 2105 75343 oo 75924 | 59 
22 | 21153 99417 1736 78264 03583 78847 | 3 
23 | 21225 | 99415 | 21914 78185 00535 78771 | 37 
24 21305 99413 21893 78107 00587 78694 3b 
2s | 21332 | 99411 | 21978 7802 00589 73618 7 
26 | 21453 | 99409 | 72099 77951 00591 78542 | 34 
= 21634 59407 2212 77873 00 593 78465 33 
28 | 21610 99404 22205 77795 | 00595 78390 32 
. 299422 | 22253 77717 | 00598 | 78315 (31 | 
zo 21261 09948 9 22361 10.7729 10. coοο 10. 78239 > 
41 | 21336 99395 | 22438 775062 c0502 78164 | 29 
22 21912 99396 22516 77484 o 604 7$088 28 
331 21987 99394 | 22593 77407 00606 78013 | 27 
34 | 22062 99392 22670 77330 o06cS 77938 | 26 
35 | 22137 99 399 22747 77253 cc610 77863 | 25 
36 | 22211 | 993383 | 22924 77177 00612 77788 | 24; 
37 22256 99355 22901 77099 0615 77714 | 23 | 
43 22361 99383 22977 77022 00617 77639 22 | 
49 | 22435 99351 23054 76946 00619 77565 21 Lf 
1 40 |[9-22509 9.99 79 23130 1076687 0.021 1077491 | 20 | | | 
| 41 | 22583 | 99377 232-6 76793 00623 77417 | 19 | | | 
| 42 22657 99375 23283 76717 cob25 77343 13 Wy 
43 22731 9937 23355 76641 00623 77269 17 | | 
a4 | 22805 | 99379 | 23435 76565 co630 77195 | 36 4 
45 22378 99368 23510 76490 co632 77122 15 | 
46 | 22952 | 99366 23586 76414 00634 77048 | 14 9 | 
47 | 23225 99364 | 23661 76339 co636 | 76975 | 23 if 
48 | 23098 | 99302 23737 75263 00633 76902 12 | 
| 49 | 23171 99359 23512 76183 o. 7682 3 1 
| 50 9.23244 999357 9.23887 10. 76113 10-c0043 10.767500 | IO 4 
| 23317 99355 23062 76038 00645 76683 9 4 
| 23399 | 99353 | 24937 75993 co647 76510 | ® |, 
| 23462 99351 24112 75888 00649 76538 7 1 
| 23535 | 99343 | 242186 75313 c06 52 76465 | © [| 
23607 99 346 24261 75739 cob 54 76303 5 1 
2$679 | 99344. | 24335 75665 00656 76321 | + | 
23751 99 342 24410 75590 0658 76248 3 i 
23823 99 340 24454 75516 cob 76177 2 1 
23895 | 99337 | 24559 75442 00663 76105 | ? 4 
23967 | 99335 | 24033 75308 c<bvg 76033 | © Wil 
e Geert raren Sean 
Co-fine. Sine. 'Co-tang. Tangent. Co- ſecant Secant. NI. | 
— —— — 


do Degrees. 


TABLE V. Of arTIFICIAL Sines, Tangents, and Secants, 


* 


| 


* 


— — — — —— —2— 8 
M. Sine. Co- ſine. Tangent. Co-tang. Secant. Co- 
— — ———————_ — — — — — — — — 6 
f | 622 | - Q | CE - 
o 9. 23967 [9.99335 924632 [10.75363 10. 00665 [12.76 
124039 | 99333 | 24706 75294 00667 | 756 
2 24110 99331 | 24773 75221 oobbg | 7468 ; 
3 241817 99328 24853 75147 00672 | 75219 i 
= 24253 99320 24920 75074 00674 | 75747 ; 
5 24324 99324 25000 75000 00676 | 7565 | 
6 24395 99322 25973 74927 0-608 | 7605 51 
7 | 24466 99319 25140 74854 coobso | 75534 3 id 
$ | 24536 99317 | 25219. 74781 nob83 | 795464 2 1 
9 |_24607 | 99315 | 25292 | 74708 | oobss 25122 
— { — cw — — — — — — . a 1 = 
4 10 9-24077 o 99313 9.25305 10. 74305 {(10.00h57 10. 75323 1 
11 24748 99310 25437 „„ {| oobgo | ae 4 
K 1 220 3 ö a 1 : * 2 
12 | 24818 99323 | 25510 74490 | oobgz2 73182 6 
13 24888 99306 | 25582 74418 | ocbg4s j 75112 s | 
14 24958 99304 25655 74345 00696 75042 46 
15 25028 9930125727 74273 00649 74972 ac | 
16 25098 99299 25799 74201 09701 74902 44 
17 | 25168 99297 25871 74129 00703 74832 | 43 
18 | 25237 99294 | 25943 74057 09706 | 74762 | 42 | 
19 2530 99292 | 26015 73985 o % 74693 ur | 
20 9.25376 9.99200 9.2508 10. 73914 [10.00710 8 40 
Oo 8 30 : 
21 | 25445 99258 | 26155 73342 00772 | - 74555 | 59 | 
22 | 25514 yang | 20239 73771 00715 744% | 35 io 
23 | 25583 | 99233 | 2630! 73999 00717 14417 | 37 | 
24 | 25652 99281 } .20372 73025 0C719 74348 , 
25 | 25721 | 99278 | 20443 73557 00722 74279 } 35 Ii 
26 | 25790 99276 26514 73486 00724 | 74219 | 34 || 
a * - ” a as "a ay l — » 4 f 
27 25858 99274 26775 73415 00726 B ; 
28 25927 99271 29555 73344 00729 | 743973 | 32 
S nn 
30 [9.26063 9. 99267 . 26797 10. 73203 10. 00733 10.739037 30 
31 | 29131 99264 26857 73133 20736 { 73369 | 29 || 
32 26199 99262 26937 73063 00738 | 801 128 N 
ARA — 3 A 4 | wa es A » 
33 26267 99260 2.7008 72092 90741 737433 7 | 
34 | 26335 | 99257 27978 72922 || 00743 | 73665 | 26 |! 
35 26403 99255 27145 72852 00745 73607 | 25 
39] 26470 | 9925227215 72782 09747 735350 | 24 || 
37 26538 99250 27288 72712 007 507 73462 2; |} 
- 4 » - — — — a 7 n | 4 * 
38 | 26605 | 99245 | 27357 72643 co 52 73395 | 2: 
7 7 928897 Oos tee 7278 * ! 
39 | 26672 99245 27427 72573 0075s 73328 | 21 
— a — — — a —— 
40 [9.26739 [9.99243 [9-27496 10. 72504 [10.00757 110.73261 | 20 
» = — 2 2„ = 
41 26806 99241 2 50 72434 00759 73193 19 
42 26873 9923 27635 72365 00762 73127 18 | 
43 26940 99236 2, 4 72296 00704 73060 17 ; 
44 27087 99233 27773 72227 £0766 72993 16 f 
45 27073 9923 27842 72158 00769 72927 15 
46 | 27140 99229 27911 72089 00771 72860 | 14 || 
47 | 27206 9922 27930 72.020 00774 72794 13 ji 
» 
43 | 27273 99224. 28049 71951 00776 72727 2 
49 | 27339 99221 28117 71883 00779 72661 | 11 | 
ee 2 c! popaprany MEAN | 
$0 9.27405 0 99219 9.23186 10.718314 [10.00701 0.72595 10 
51 27471 99217 28254 71746 0783 72529 9 
| 52 | 27537 99214 28323 71677 007865 72463 | 38 
3 | 27602 99212 28391 71609 co0788 72298 7 
5+ | 27668 99209 28459 71541 00791 72332 b 
SS | 27734 | 99207 | 28527 71473 793 72266 5 
56 27799 99204 28595 71405 | 09796 722014 
$7 | 27864 | gg202 | 28662 | 71338 | co798 | 72135 | 3 
58 27930 99200 28730 71270 05800 72070 2 
| £9 27995 99197 28798 71202 00803 72005 1 
| 60 | 28060 99195 28865 71135 00805 72940 © | 
: — — dn. ů ů— — — — ** 
* 2 . [ - | | 
| Co-fine. | Sine. 'Co-tang.' Tangent.'Co-ſecant! Secant. NM. 
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TarizV. Of ARTIFICIAL vines, Tangents, and Secants, 11 Degs. 
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M.| Sine. 
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| Co-fine. 


| Co-fine 


CE TO _———  —— 


2832560 9195 
28125 99192 
20190 99190 
28254 99187 
28319 99185 
28334 29192 
28448 99180 
28512 99177 
23577 99175 
28541 99172 
| — eee 
28705 13+ 99179 
28709 93107 
2253} <4 65 
28890 99162 
2890 991 
29924 99177 
29087 | 99155 
29150 99152 
24214 959159 
29277 99147 
8 — — 
92934 15952745 
| 2943 99142 
243499 99142 
27529 97137 
297891 98012 
296 54 99132 
24710 997130 
29779 99127 
24541 99124 
29903 90122 
— — — 
SYED" IJ» IP 
30028 99117 
30090 99114 
30157 99112 
37213 99109 
30275 99105 
32330 | 99194 
30398 9710 
39459 ä 99099 
30521 95098 
— — —— 
20582 6.99093 
30643 992891 
10784 gods 
30764 99086 
39520 | 99583 
20597 99c80 
30947 99078 
37005 99075 
31063 99072 
31129 99070 


— -— —— 


Tangent. 


Co-tan 


— 


— — — 
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Sine. Co-tang. 


— — 7—— — 


(r 
— 
28868 10.711135 
28933 717 
29000 71000 
290 67 7 933 
29134 70 8 10 
20201 70799 
26268 70732 
29335 70665 
: 
29402 70598 
29468 70532 
— \ 4 
293535 10.7904 5 
29201 7 399 
29668 70332 
26734 70200 
2 9500 70200 
20866 70134 
—— 
29932 70058 
29098 70002 
30 64 69530 
28180 646870 
« 3+ 155 10. 668 5 
52261 69739 
30326 6967 
32391 69609 
3-T3 03543 
30522 69478 
30587 69413 
30652 69348 
32717 64253 
Y 
30782 69218 


19.069154 


65089 
69025 
Cc 3960 


— — 


Tangent. 


— 


— 


Sccant. Co: ſecant 


— — — 


10. 009907 


10. 00805 10. 71940 60 
00808 71875 59 
oo 10 71810 58 
00813 71746 57 
00815 71681 56 
00818 71616 5 5 
00820 71552 54 
00823 71488 53 
00825 71423 52 
00828 71359 51 
008350 10.711295 50 
00833 71231 49 
00835 71167 | 48 
co838 71104 47 
o 840 71040 46 
0954 3 70975 | 45 
0545 70913 4+ 
c083848 70350 | 43 
oo 50 70786 42 
©9553 70723 | 41 

10,0085;5 10. 70660 40 

0858 70597 39 
80860 70 534 38 
08803 70471 37 
O0865 70409 36 
oc 80 70346 35 
00870 70284 34 
00573 7022 33 
00576 78159 32 
00873 70297 3 

Tra — — 

O 881 10. 70034 30 
co883 | 69972 | 29 
00885 | 69910 28 
oo 888 659849 27 
o 891 | 69787 | 26 
00594 6972 2 

8535 69654 2 
60839 69502 23 
090 69 541 22 
00904 | 69479 | 2 


10. 69413 | 20 


cogog | 69357 | 19 
00912 69296 18 
09914 69235 7 
00917 69174 16 
O02 69113 15 
00922 69053 14 
C092 5 68992 13 
o0928 68931 12 
004 30 68371 11 

10.0:2933 (10. 68811 10 
00936 68750 9 
00938 63690 8 
00941 68630 7 
09944 63570 6 
00946 68510 5 
02949 68451 4 
00952 63391 3 
09954 65331 2 

00957 68272 I 
C2960 63212 2 
Co-ſecant' Secant. IM. 


yY 
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TABLE V. Of An TfrIcTAL Sines, Tangents, and Secants. 12 Deg, 


M.] Sine. Co-line. Tange nt. | Co-tang. | Secant. Co- ſecant | 
ieee 
o 9. 31788 [9.99040 9. 327% 10.7253 10. c [10.68212 | 69 
| x | 31847 | 99938 | 32810 67140 =} 00962 68153 | 59 
j , 2 1 
21907 99035 32872 57 128 | 00965 68093 | 58 | 
3 31909 99032 32933 97097 00908 68034 57 I 
+ 32025 99939 | 32495 | 67005 } 00970 67975 | 56 | 
5 32084 99027 37 60943 | CO917 3 67915 | 55 | 
6 32143 | 99024 3310 - | 66881 ocg76 67857 | 54 | 
7 32202 | g9922 33180 | 66820 | coy78 67798 | 53 iÞ 
3 3226x | g99g01y | 33242 | 985 o0gS1 67739 52 
q 32319 999016 ! 33393 | 6697 92 20984 628 51 4 
10 9. 32373 9.99013 9.333605 10 r 10. 0987 10. 67622 50 
11 32437 | ggorr 33426 f 066574 009589 67563 49 'f 
12 | 32495 | ggco8 | 33489 | 66313 | co | 67595 | 48 
13 32553 | 99003 33545 C0452 00995 67447 | 47 | 
14 32612 g9g0c2 |, 3309 657291 oo 67388 46 
1 5 32670 gg002 | 33670 66430 01000 67330 45 | 
16 | 32728 | 98997 33731 662659 01007 67272 44 
17 32786 98994 1379 66208 otro 67214 | 43 
18 | 32544 9831 33553 66147 01009 67156 | 42 |þ 
19 32902 98,89 33113 66087 01017 67098 41 
2 9.32960 59.987385 9.3397 6620 2.01014 10. 57040 49 | 
21 33018 98583 34034 65966 01017 66982 39 
22 33075 | 98489 34095 65505 01020 66925 | 38 
23 | 33133 | 933578. [34755 65345 01022 66867 | 37 
24 | 33190 98975 34215 65734 01025 66810 | 36 
25 33248 98972 34275 6572 01028 66752 35 
a6 | 33305 | 95909 | 34239 5064. 131 66695 34 
27 | 33362 98%7 | 34396 65604 01033 65538 | 33 | 
| 28 | 33429 g939%4 3++56 65544 1 36 66580 32 \| 
29 33477 98941 34516 65454 _ 01039 65523 31 
30 9.33534 9.98958 9.34576 0. 65424 10. 01042 10. 66466 30 
311 33501 98955 34935 65305 01045 66409 | 29 
32 | 33047 98753 24695 65305 01047 66352 28 
33 | 33794 98950 34758 65245 01050 66296 | 27 If 
| 34 |] 3370! 9844 3814 65186 010 53 66239 26 
35 33818 98944 34874 65126 015 66182 25 
36 33874 98941 34533 65067 | 60105) 66126 | 24 
37 | 33931 9893 349 92 6508 01002 66069 | 23 
38 33987 98936 35851 64049 01064 66013 22 
39 34043 qQ8933 35111 64889 01007 65957 21 
40 . 34100 9.98930 (9.35170 f. 64830 . 019% j10. 59 20 
| 41 | 34156 98527 35229 , 7 C073 65%44 | 19 
42 1212 98924 35288 64712 01075 65788 18 
43 34208 98 21 35346 64653 ©1079 65732 17 
44 | 34324 98919 35405 64555 _— 65676 | 16 
45 34 380 95919 354924 64530 1084 65620 15 | 
45 | 34435 98913 | 35523 64478 C1087 65564 | 14 
4 | 34451 93910 35581 64419 C1099 65509 | 13 
43 34547 98907 35040 64300 91093 65453 | 12 
49 34602 98904 35698 64302 01096 65398 11 
50 . 34058 5. 890 9.35757 10. 4243 10.010999 10. 65342 10 
511 34713 98898 35315 64185 0110265287 9 
| 52 | 34769 98855 35873 64127 01104 65231 8 
33 34324 983853 35931 64099 01107 65176 7 
64 | 34579 98890 35989 64011 O1110 65121 6 If 
55 | 34934 | 95897 | 30047 63953 1113 65066 ̃ [5 
50 34989 98384 36105 „63895 01110 65011 4 
7 35044 98881 36163 63837 01119 649 56 3 
58 35099 98878 39221 63779 01122 64901 2 
| 59 | 35154 | 93875 36279 63721 OI125 64846 I 
| 60 | 35209 [98872 35339 63664 1128 64791 | © 
— — — — — — ö 
[ | Co-line. | Sine. 'Co-tang.\ Tangent. Co- ſecant! Secant. NM. 


77 Degrees. 


TapLe V. Of arTIFICIAL Sines, Tangents, and Secants. 13 Degs. 


a 


| | M.] Sine. | Co- ſine. Tangent. Co-tang. | Secant. |Co-tecant 
o 9. 35209 9.98872 [9.353:6 [10.63654 |10.01128 [10.64791 60 
| 1 | 35263 98859 30394 63606 01130 64735 | 59 
| 2 35318 98867 36451 63548 01133 64682 58 
1 3 35373 98864 35589 53491 901136 64527 57 
| 4 | 35427 988 | 36566 | £3434 |. x39 | 64573 | 56 
| 5 35481 988 58 36624 63376 891142 64518 55 
6 35536 | 98855 | 36651 63319 91145 64464 | 54 
| 7 35590 988 52 36738 63262 91148 64410 53 
8 35944 98849 30795 63205 01151 64356 52 
1 9 35698 98846 36352 62148 OII54 64302 51 
| 10 9. 35752 9.98843 9.30009 0. 0301 0.01157 10. 04248 | 50 
1 11 35506 9884 36966 63034 010 64194 | 49 
| i2 | 35360 98837 37023 62977 01163 64140 | 48 
| 13 35914 98834 37088 62920 011066 64936 47 
14 35908 98831 37137 62863 81109 64032 40 
15 | 36021 [38828 | 37193 62807 CI172 63978 | 45 
16 | 39975 | 95825 37250 62750 C1175 63925 | 44 
17 36129 9882237306 62694 91178 63871 43 
18 36182 98819 37363 6263 01181 63818 42 
| 19 36236 | 98816 37419 62581 01184. 63704 | 41 
20 [9 36289 9.98813 9.37470 fl. 62524 1.01187 10. 03711 ＋ 
21 | 36342 98819 37532 62408 01190 63658 | 39 
2 39395 98807 37 588 62412 1173 63605 | 35 
23 30448 98804 37044 62356 01196 63551 37 
24 | 395<2 938801 3770 62300 01199 634948 | 36 
25 | 36555 98798 37756 02244 01202 63445 | 35 
26 36607 98795 37812 62188 O1205 63392 34 
27 | 36560 98792 37868 62132 otacs 63340 33 
28 36713 98789 3792 62076 01211 63287 32 
29 36760 98785 37980 62020 01214 63214 {1 
30 9. 30818 [9.95783 9.38035 j10.61965 10 01217 10. 63181 | 30 
3 36871 98780 38091 61909 C1220 C3129 29 
32 36924 98777 38147 61853 012 63676 f 28 
| 33 | 36976 93774 38202 61793 01226 63024 | 27 
34 | 370238 [98771 33257 61743 1229 62971 | 26 
| 35 37081 98748 38313 019097 81232 62999 1 
36 37133 98765 38308 61632 01235 62867 24 
37 37185 98762 38423 61577 01238 652815 23 
| 33 | 37237 93759 38479 6152 81241 62763 | 22 
39 37259 98756 38534 61466 01244 62711 21 
40 9.37141 9. 98753 38529 1.01411 10.1247 10.602659 20 
41 37393 98749 35044 61356 ©1259 2007 19 
42 7445 9874 33599 61301 ©1254 62555 | 218 
43 | 37497 98743 38754 61246 01257 62503 17 
44 | 37549 98740 35303 61192 01260 62451 16 
45] 37900 | 93737 | 35863 61137 01293 62409" 08 
46 | 37652 98734 38918 61052 012650 62345 I4 
47 37703 9873 38972 61028 01259 622490 13 
48 | 37755 98728 3902 60973 01272 02345 | Is 
49 | 37895 98725 31081 6-418 o1275 | 02104 | nl 
50 [9.37858 9.98722 [3.39130 [19.00004 110.0127) |10.92142 10 
SI 37909 98719 33190 60810 81281 62091 9 
2 | 37960 | 98725 | 39245 | 60755 | ons | Gzogo | 8 
53 | 38011 98712 3299 60701 012388 61989 7 
54 33062 98707 39353 60647 ©1291 61933 6 
55 | 38113 | 587 | 39407 60593 | 01294 61337 | 5 
56 | 38164 98703 39461 60539 01297 61836 4 
521 33215 98700 39515 6043 5 01300 61785 3 
58 | 38266 98697 39569 (60431 01303 61734 2 
59 | 38317 98694 39623 60377 01306 61683 I 
60 | 38368 98690 39677 60323 01310 61632 0 

Fa i MI Ne TER 3 wm 
| Co-fine, | Sine. [Co-tang. Tangent. 'Co-ſecant' Secant. NX. 

— — mares 


Na . 76 Degrees, 


TasLzV. Of arT1FICIAL Sines, Tangents, and Secants, 14 Degs, 


75 Degrees. 


IN. | Sine. ,Co-line. Tangent. Co-tapg. Secant. |Co-tecant! 
o [9.33363 98690 [9.39677 [10.60323 0.01310 age to" i 60 
1 38418 98687 39731 688269 01313 651582 59 
2 38469 98684 39785 60215 1316 61531 58 
| 3 38519 08631 39838 60162 01319 61481 57 
| 4 | 33570 58678 39892 650108 01322 61430 |} 56 
5 | 38620 | 98675 | 39945 62054 01325 61380 | 55 
6 386795 98071 39999 60001 01329 61330 © 
5 } 30927 98668 40052 59948 01332 61280 | 5; 
Z 38771 98665 40106 | 59894 01335 61229 52 
9 38821 98562 40159 | £9841 £14338 61179 | 51 ; 
10 [9.33871 19.98659 ) 40212 0. 59788 fo. 01341 0. 61129 55 
114 38921 95655 40266 57734 81344 6107 | 45 | 
12 38971 936 52 40319 59631 01348 61029 48 
13 39021 98749 40372 59628 01251 60979 47 
14 | 39071 9804565 45425 59575 01354 60929 | 46 | 
15 | 39121 98643 40478 59522 01357 60879 | 45 
16 | 39170 98640 40531 59469 01360 608 30 4 
17 39220 98636 40584 59416 01364 60780 43 
18 | 39270 98633 40636 59363 01766 60730 | 42 | 
19 39319 98630 200892 59311 01370 60681 41 | 
20 [9.39309 9.98627 [9.40742 10. 59258 10.0:373 10, 60631 | 40 
21 39418 98623 40795 59205 01377 60582 | 35 | 
22 | 39467 98620 40847 59153 01380 60533 | 38 
23 | 39517 98617 404909 59 100 01383 60483 37 | 
24 | 39566 98614 | 40952 59048 01336 60434 | 36 | 
25 39615 98610 41004 58995 ©1390 60385 35 
26 | 39864 93607 41057 58943 01393 60336 | 34 | 
27 39713 98604 | 41109 58891 ©1396 60287 | 33 
28 | 39762 98601 | 41161 58839 01399 60238 32 
29 | 39811 98597 41214 58786 01403 60189 | 31 
30 [9.39860 [9.98594 i9.41256 10. 58734 [i0.01406 10. 60140 30 | 
31 39909 98591 41318 58682 01409 | Googt wy 
32 39957 98588 41370 53630 C1412 60042 | 28 
33 | 40096 93584 | 41422 58578 01416 59994 | 27 
| 34 | 40055 | 98581 | 41474 58526 01419 59945 26 
35 | 42103 | 98578 | 41526 58474 01422 59836 | 25 
36 | 40152 | 98574 | 41577 58422 01426 59848 | 24 
37 | 40200 98571 41629 $3371 01429 59800 23 
33 40249 98563 41681 58319 01432 30781 [22 
_39 | 2292 98565 (4733 58207 C1435 | $97G3 | 21. 
40 [9.40345 9.98561 [3.41784 10 552 14 10.01439 10. 59654 | 20 
41 | 40394 98558 | 41536 58154 01442 59706 19 
42 | 40442 | 98555 | 41887 58113 01445 $9558 | 18 
43 | 49490 98551 | 41939 58861 01449 59510 | 17 
44 40538 98548 41990 580 70 01452 50462 | 16 
45 | 42586 | 94545 | 42041 57958 ©1455 $9414 | 15 
45 | 40634 98541 42093 $7907 01459 59366 | 14 
47 | 406982 98538 42144 7856 01462 59318 [13 
4% | 40730 94535 | 42195 57805 01465 59270 | 12 
40 | 4077 98531 42246 $7754 01465 $9222 [11 
50 [9.40825 [9.98528 [9.42297 * [10.57703 [19.01472 10. 359175 | 15 
51 | 40873 | 98525 |} 42348 $7552 01475 $9127 | 9 
2 40921 98527 42399 587601 01479 59079 8 
$3 | 42968 93518 42450 $7550 01452 $9032 5 
54 | 41016 98515 | 42501 57499 o1485 58984 | 6 
55 41063 98511442552 57448 01489 58937 8 
55 | 41111 98508 42603 $7397 01492 58889 4 | 
57 | 41158 58504 | 42653 $7347 01495 58842 | 3 
53 | 41205 98501 4.2704 57296 01499 58795 2 
59 | 41252 98498 | 42755 57245 1502 | 38748 1 
| bo | 41300 98494 | 42805 57195 01506 $8700 0 
| Co-ſine.| Sine, Co-tang. Tangent. 'Co-ſecant' Secant. A. 
— —— 


TazLe V. Of aRTIFIC1AL Sines, Tangents, and Secants, 15 Degs: 


- M.] Sine. Co- ſine. Tangent Co-tang. | Secant. Co- ſecant 
C 9.41300 9.98494 . 4805 10. 57195 10 01506 1 87 60 
11 41347 93491 [56 | $7144 150g 58653 | 59 
2 | 41394 95488 gagoh | $9596 |} O20 58606 58 
3 | 41441 98484 42957 | 57043 | 01516 58559 37 
4 | 41438 98481 43297 | 56993 N 01519 58512 | 56 
5s | 41535 99477 | 432957 | $9143 601523 | $3465 | 55 
6 | 41532 08474 43103 | 56852 } 01526 3841854 
7 | 41628 98471 43153 | 56842 ©1529 53:72 52 
$ | 41675 9845 7 43208 -| 56792 1533 58325 52 
9 41722 98464 43258 | 56522 1525 53278 51 
| 10 9 41768 9.98460 . 43308 10. 5 69 2.01340 10. 58232 50 
i | 41815 38457 | 43358 56642 | or543 58185 | 49 
| 2 | 41861 | 9845; | 43108 $6512 | or547 58138 | 48 
13 | 419235 [9845 | 43458 $6542 01550 $8092 | 47 
| 14 | 41954 98447 435092 56472 01553 53046 | 46 
| 15 | 42001 58443 43555 56442 01557 57999 | 45 
| 16 | 42047 93449 | 43627 50393 01560 57953 | 44 
| 17 | 42293 | 98436 | 43657 $6343 01564 $7907 | 43 
| 13 42139 98433 437707 $6293 - 01507 57860 | 42 
| | 19 42186 98429 43756 $6244 0901871 57814 41 
| — „ N * | = i 70 5 
| | 20 9.42232 9.98426 4386 . 50% 1. 1574 05 768 | 40 
| 21 42278 98422 43355 56145 91578 $7722 | 39 
| 22 | 42324 | 95419 | 43995 56095 C15S1 57676 | 38 
| 23 | 42370 93415 | 4395+ 5504 01534 57630 | 37 
| 24 | 42416 | 98412 | 44004 55996 01588 57584 | 36 
| 25 | 42461 98409 | 44053 55947 o1r5y1 57538 | 35 
26 | 42507 98405 44102 55898 £1595 $7453 | 34 | 
27 | 42553 j 93402 | 44151 55548 01548 57447 | 35 
28 |. 42599 98398 44201 55799 01602 $7401 32 
29 | 42044 98395 4250 $5750 21605 57256 | 34 
40 [9-42690 {1.98391 [9-44299 10. 55701 10.1699 10. 57310 30 
31 | 42735 98388 44348 55652 01512 57265 | 29 
| 32 42781 98384 44397 55603 01616 57219 | 28 
33 | 42826 983817 44446 55534 91619 57174 | 27 
34 42872 | 98377 | 44495 55595 ©1623 57128 | 26 | 
35 | 42917 98373 | 4+544 554.56 01626 570383 | 25 
36 | 42962 98570 44592 55408 01639 57038 24 
37 | 43997 | 98366 | 44641 55359 01634 56993 | 23 
33 | 43953 98363 44690 55319 01637 56947 | 22 
309 43093 _ 9835 4473898 55262 ©1641 56902 21 
40 9.43143 9.98356 9.44787 10. 5513 1.01644 10. 56857 20 
41 43188 98352 44836 55164 01648 56812 19 
42 | 43233 98349 | 44834 55116 C1651 56767 | 18 
43 43278 93345 | 44933 55967 o1655 56722 | 17 
44 | 43323 93342 44931 55019 01658 56677 16 
45 | 43367 98338 | 45029 5471 03662 56632 | 15 
46 | 43412 98334 45078 54922 01666 56588 14 
47 | - 43457 98331 | 45126 54574 01669 56543 | 13 
4% | 43592 | 98327 | 45174 54820 | 01673 $6498 | 12 
45 | 43546 98324 45222 54778 ©1676 56454 11 
50 943591 9.98320 4521 IO. 54729 10.010580 19.590409 10 
511 43635 98317 45219 84681 01083 56365 | 2 
532 | 43680 93313 45367 54633 o1657 5620 | 
53 | 43724 | 98309 | 45415 5+535 —21651 | $6276 | 7 if 
54 | 43769 | 98306 | 45436 $4537 01694 56231 | 6 
55 | 43513 | 98302 | 45511 54489 91698 $6187 5 
56 | 43857 98299 | 45559 54441 9 70 56143 4 
57 | 43901 [98295 | 4560 54294 01725 $6099 ' 3 
58 | 43946 | 98291 45654 54346 C1709 56054 , 2 
59 | 43990 98288 45702 54298 01712 56010 I 
bo | 44034 93284 457 59 54250 01716 55966 0 
| Co-ſine. Sine. [Co-tang. Tangent. 'Co-ſecant} Secant. M. 


N n 2 


74 Degrees, 


TABLE V. Of arTIFIciar Sines, Tangents, and Secants. 16 Deeps, 


— ——— 


M. | Sine. |Co-ſine. Tangent. Co-tang. , Secant. Co-ſecant; 
0 9.44034 9.98284 9.457 50 10 54250 ff0. 01716 10. 55966 ä (| 
11 44078 98281 45797 54203 ©1719 $5922 59 | 
2 | 44122 98277 45845 54155 01723 55878 | 583 | 
3 | 44166 98273 45892 54108 01727 55834 | 57 
4 | 44210 95270 45940 54060 01730 $5799 | 56 
5 | 44253 | 95266 | 45987 54013 01734 $5746 | 55 
6 | 442357 | 93262 | 46:35 53965 01738 $5703 | 54 
7 | 44341 93259 | 4603z 53915 01741 55659 52 
8 | 44335 | 98255 | 46130 53870 01745 $5615 | 52 | 
9 | 44428 98251 46177 53827 01749 $5572 TY 
10 19.44472 [9.99248 . 46224 |10.53776 1.01772 10. 55528 5 
it | 44515 | 93244 46271 53728 91756 55484 49 
12 44559 98240 46319 53681 C1769 $5441 a8 | 
13 | 446cz 98237 | 46366 53634 01763 $5397 | 47| 
14 | 44646 | 98233 | 4441: $3587 01767 $5354 | 46| 
15 | 44689 98229 | 46460 53549 01771 $5311 45 
16 | 44733 9822 45507 53493 01774 55267 44 
1744776 98222 | 46554 53446 01778 $5224 | 45 
18 | 44819 98218 46601 $3399 01782 55181 | 42 
19 44862 98215 46643 $3352 01785 55138 | 41 
20 [9.44905 9.98211 [4.46694 10. 53306 10.01789 fie. 55095 "46 
21 44048 98207 46741 53259 01793 55051 2G 
20 444 91 98207 46788 53212 01796 5 5c8 58 
2345035 | 982.0 | 46335 53165 | * 01300 54965 37 
24 45077 98196 46831 53119 01804 54923 | -6 
25 45120 98192 46,28 53072 01808 54880 | 35 
26 45163 98189 16975 5302 01811 84837 34 
27 | 45206 98185 4701 52979 01815 $4794 | 33 
2.8 45249 98187 47063 52932 ©1819 54751 32 
29 | 4522 0817 47114 52856 | o1823 34708 217 
30 3.43334 0.98174 19.47 160 10.5877 0. 01826 10. 54666 0 
31 45377 98170 47207 $2793 ©1830 54624 | 29 
32 45419 58766 47253 $2747 01534 $4551 | 28 | 
3J 45462 J 98162 47299 52701 1838 54538 7 
34 45504 98159 47346 52654 01841 54496 26 
35 | 45547 | 98155 | 47392 52608 01845 54453 | 25 | 
3645589 98151 47438 52562 01849 54411 | 24 | 
| 37 | 45632 | 98147 | 47484 $2516 01853 54368 | 2, | 
35 | 45674 | 983144 | 47530 $2471 01856 £4326 | 22 
39 | 45716 | 98140 | 47576 52424 01860 54234 | 21 | 
40 0 45758 9.987136 [9.47622 10. 52378 |10.01864 10.53242 | 20 | 
41 45801 98132 47668 52332 01868 53199 19 
42455843 98128 47714 52286 81871 53157 18 
43 | 45885 98125 47760 52240 01875 53115 17 
44 | 45927 [98121 | 47806 52194 01379 53273 | 16 
45 | 45969 | 98117 | 47852 52148 01883 $3031 | 15 
46 | 46011 | 98113 | 47897 52102 01887 53989 | 14 
47 | 46053 | 938109 | 47943 52057 ©1390 53947 | 13 
48 46095 98106 47989 52011 01894 53905 12 
49 | 45136 98192 48034 52965 01898 53864 | 11 
50 [3+46178 9.98098 [9.48080 10.5020 [10:01902 10. 53822 | 10 
51 | 46220 98094 48126 51874 01906 $3780 9 
52 | 46262 98090 48171 51829 01910 53738 8 
$3 46303 | 88087 | 48217 $1783 01913 55697 | 7 
54 46345 | 98053 | 48262 51738 01917 53655 | 6. 
55 46386 98079 48307 51692 01921 53614 5 
56 | 46428 | 98075 [ 48353 51647 21925 53572 | 4 
7 46469 98071 | 48398 51602 01929 $3530 | 3 
581 46511 988967 | 48443 51557 01933 53459 | 2 
59 46552 95063 43489 51511 01937 53448 I 
60 | 46594 98060 48534 51466 01940 53406 0 
Co--ſine.] Sine. Co- tang. Tangent. Co- ſecant Secant. M. \ 


73 Degrees. 


TazLt V. Of arTIFIC1AL Sines, Tangents, and Secants. 17 Degs, 


M.] Sine. |Co-fine. Tangent.) Co-tang. | Secant. j|Co-ſecant 
o [9.46593 9.98060 9.48534 [10.51466 [10,01940 10. 53406 
1 46635 98056 | 45579 $1421 01944 53365 
2 | 46676 98052 456024 51376 01948 53324 
3 46717 | g3048 | 45669 $1331 01952 53283 
4 | 46758 98044 48714 51236 01956 53241 
5 46800 980 40 48759 51241 01960 53200 
6 | 46341 98036 48804 51196 01964 53159 
7 | 46882 98032 48849 51151 21963 53118 
$| 46923 | 98-29 | 43394 51196 01971 $3977 
91 46964 98025 48939 51061 01975 53036 
10 [9.47005 9.98021 [9.48934 10. 51010 ji0.0197y {10.52995 
11 47045 58017 | 49029 5097 01983 52954 
12 47086 98013 49073 50927 01987 52914 
13 7127 98c0g 49115 50882 01991 52873 
14 | 47168 98-05 49163 50837 01995 52832 
I5 | 47209 98001 49297 50793 91999 52791 
16 47249 97997 |* 49252 59745 02003 $2751 1 
17 | 47299 | 97993 49296 50703 02007 52710 | 
18 | 47330 97959 49341 50659 C2010 52670 Wþ 
19 | 47371 97986 49355 50614 02014 52629 1 
20 9. 47411 ). 97982 9.49470 10. 50570 flo. 02018 10. 52585 | 
21 | 47452 97978 49474 50 526 02022 52548 
22 | 47492 97974 49519 50481 02026 52508 
23 | 47533 97970 | 49563 50437 02530 52467 
24 | 47573, | 97966 | 49607 50393 02034 5242 
25 | 47613 | 97962 | 49651 50345 02.38 52387 
26 | 47654 | 97958 49696 50304 ©2C42 52346 
27 | 47694 97954 | 49740 50269 02 46 32306 
28 | 47734 97950 49784 50216 02050 52266 
29} 47774 _ 97946 | 49328 50172 02054 52226 
30 9.47814 [9.97942 9.49872 ic. 50128 flo. 02058 10 52186 
311 47854 | 97938 | 49916 590S4 02002 52146 
32 | 478394 97934 49960 50040 02066 52106 
33] 47934 | 97930 $0c04 49996—]-— 02079 52066 
34 | 47974 | 97926 500483 49952 02074 52926 
35 | 48014 97922 50092 49908 02078 51986 
36 | 48054 97918 52136 49864 02082 51946 
37 | 43094 97914 50180 49320 02086 51986 
33 | 48133 97910 $0223 49776 02090 51857 
39 48173 97906 $0267 49733 02094 51827 
40 [9.48213 [9.97902 [9.50311 19.496589 [10.02098 10. 51787 
41 | 43252 97898 50355 49045 02102 51747 
42 | 48292 97894 5 398 4960 02106 51708 
43 | 48332 97890 50442 49558 ©2110 51668 
44 | 48371 97386 $0431 49515 02114 51629 
45 | 48411 97882 59529 49471 02118 51589 
46 | 48450 97578 50572 49425 92122 51550 
4748489 97874 50616 47354 ©2120 $1510 
48 | 48529 97870 50659 49341 02130 $1471 
49 48 568 97866 50703 49297 02134 51432 
50 9.48607 9.97861 [9.50746 [10.4y254+ 10. 02139 10. 51392 
gl | 48647 97857 59789 49211 C2143 51353 
52 48686 97853 50833 44167 02147 £1314 
533 | 43725 | 97549 | 50876 49124 02151 $1275 
54 | 438764 | 97345 $0919 49081 92155 51236 
55 | 43803 97841 50962 49038 02159 51197 
5648842 97837 $1095 45995 02163 51158 
571 48881 97833 51048 48951 02167 51119 
58 | 48920 97829 51092 48908 02171 51080 
59 | 43959 97825 51135 48865 02175 51041 
bo | 48998 97821 51178 48322 02179 51002 
N eee eee R — 
Co-ſine. Sine. Co-tang. Tangent, 'Co-ſecant! Secant. 


— het tn —: — 


72 Degrees. 


TABLE V. Of arTIFIC1AL Sines, Tangents, and Secants. 18Degs, 


M. | Sine, Cc o- fine. Tangent. Co-tang. , Secant, ,Co-fecant 
o (9.48998 [3.99821 [9.511738 [10. 48822 [10.02179 flo. 51002 | 6, 
11 49037 97817 51221 48776 o2183 50963 97 
2 | 49076 97812 51264 48736 C2188 50924 8 
3 | 49115 97808 51306 48694 02192 50885 57 
4 | 49153 | 97804 $1349 48651 02156 50847 | 56 
5 | 49192 97800 51392 43608 02200 50808 | 55 
6 | 49231 | 97796 [ $1435 48565 02204 50769 54 
7 | 49269 97792 51478 48 522 02208 50731 | 53 
$8 49308 97788 51520 48480 ©2212 50692 | 52 
9 49347 _ 97734 51563 _ 48437 02216 80655 51 
9.49385 9.97779 9.51606 1.48394 [0.02221 10. 50615 | 50 
49424 97775 51648] 48352 ©2225 $5857 45 
49462 9777L 51691 48309 02229 50538 48 
49500 97767 51734 48266 02233 50500 | 47 
49539 97763 51776 48224 02237 50461 | 46 
49577 97759 51819 48181 02241 $0423 | 45 
49615 | 97754 | 51861 45139 02246 50385 44 
49654 97750 51903 48097 ©2250 50346 | 43 
49692 97746 51946 45054 02254 50303 2 
49730 97742 51988 48012 02253 50270 | 41 
9-49768 [9-97738 9.520 10 47969 [1902262 ſ10.50232 | 40 | 
45806 | 97733 | $2073 47927 02266 50194 | 39 
493844 | 97729 | 52115 47885 02271 50156 | 38 
49882 97725 $2157 47543 02275 50118 37 
49920 97721 52200 47500 02279 coo80 | 36 
49958 | 97717 | $2242 4775 02283 50042 | 35 
49996 | 97713 52284. 47716 02287 50004 | 34 
50034. 97708 $2326 47674 02292 49966 | 33 
50072 | 97704 | $2368 47632 02296 49928 | 32 | 
FOLIC, 97700 52410 47599 | 02300 49890 31 | 
9.5014,8 [9.97606 9.52472 j10.47548 10. 02304 [r0.49832 | 59 
50x85 | 97691 | 52494 | 47596 | 023099 | ag8rs | 2» 
50 223 97687 52536 47464 02313 49777 | 28 
©-261 97683 52578 47422 02317 49739 | ?7 
50298 | 97679 | $2620 47380 02321 49702 | 26 
50336 | 97674 | 52667 47339 02 326 49664 | 25 
50373 97970 52703 47297 ©2330 49626 | 24 
$0417 97666 52745 47255 02334 49589 | 23 | 
50448 | y7662 | 52787 47213 ©2338 49551 | 22 
50486 97657 |__52329 47171 02343 49514 21 
50523 9.97653 9. 52870 10. 47130 10. 02347 10. 49477 2 
50561 97649 52912 47088 02351 49439 | 19 
50598 | 97645 | 52953 47 c 2355 49402 | 15 
50635 97540 $2995 47005 02360 49365 | 17 
50673 97636 53037 46963 02364 49327 | 16 
50710 97632 53078 46922 02368 49290 | 15 
50747 97627 53120 46880 02372 49253 (14 
50784 97623 $3161 46339 02377 49216 | 13 
50821 | 97619 53202 46797 ©2361 49179 | 12 
50858 97615 53244 46756 02385 49142 | 11 
. 50896 97610 53285 10. 46715 0. 02390 [16.49104 | 10 
50933 97606 53327 46673 02 394 49067 | 9 
50970 | 9760253368 46632 02398 49030 88 
51006 97597 53409 45591 02403'-| 48993 7 
51043 97593 53450 46550 02407 43957 | © 
51080 97589 53492 46308 02411 48920 5 
51117 97584 $3533 46467 02416 48883 4 
51154 | 97580 $3574 46426 ©2420 48846 | 3 
$1191 97576 53515 4638 5 02424 48809 2 
$1227 | 97571 53656 46344 02429 43773 I 
51264 | 97567 53697 46303 02433 43736 | © 
Co-ſine. Sine 'Co-tang.' Tangent.|Co-ſecant| Secant. NM. 


. ͤ 1 


— — — ↄͤ— 


— * 


71 Degrees. 


TastE V. Of arTIFicIarL Sines, Tangents, and Secants. 19 Degs. 


PDRRRrrrrrrrrrrrrrrrrrrr˙⏑½ ᷑ͤt. ̃̃1¹üw! ee Z? ̃Gijũ mm — ůo1i'̃. Ü—ſI!n!n!n!!! mg ²ẽPe p ͤ ů» ̃łNAt - ³ẽůmpmm ͤ ͤͤüdll; 2 1111 


M.] Sine. Co-ſine. Tangent. Co-tang. ] Secant, — 
1 — — — —1 898 — 41 — 
o [9.51264 997567 9.53692 10. 46303 [10.02433 10. 48236 | 60 
1 | $1301 97563 53738 46262 02437 43699 | 59 
2 | $1337 | 9755S $3779 46221 C2442 43662 | 5$ 
3 5137 97554 53820 46180 02446 45626 (57 
4 5141197550 53861 46139 02459 | 438589 | 56 
5 | 51447 97545 539-2 46098 02455 43553 | 55 
6 | 51484 | 97541 | 53943 46057 02459 | 48516 | 54 
7 51520 975306 53984 45016 02464 48480 | 52 
$1557 97532 54025 45975 02463 | 43443 | 52 
CY 1: $2009 -f 97980 | $9005 | (45939 © ary 43407 | 51 
10 9. 51629 [9.97523 9.54106 10. 45894 10. 02477 10. 48371 "50 
111 $1566 97519 54147 45553 02481 43334 49 
124 570 | 97514 54187 45813 02485 43298 | 48 
13 | $1738 7510 54225 4577 02499 | 48263 | 47 
14 | $1774 | 97506 54269 45731 02494 43226 | 46 
15 | $1511 97501 54309 45691 02.499 43189 | 45 
16 51847 | 97497 54350 45650 02503 45153 ] 44 
17 | 51833 7492 54390 45610 02508 48117 } 43 
18 51919 97488 54431 45569 02512 48081 42 
19 . 3198 97454 _ $4471 | __ 45529 02515 48045 | 41 
20 9.51991 9.97479 [9.54512 |10.45488 [10.02521 10. 48009 [4 
21 52027 | 97475 | 54552 45448 02525 47973 | 39 
22 | $2063 97470 54593 45407 02 530 47937 | 38 
23 | 52099 7466 54633 45367 02534 47901 | 37 
24 | $2135 97461 54673 45326 02539 47365 | 36 
25 | $2171 97457 54714 45286 02543 47829 | 35 
26 | $2207 97452 547 54 45246 02 547 47793 | 34 
27 | $2242 97448 $4794 452.06 02552 47738 | 33 
28 | 52278 97444 4835 45165 02556 47722 32 
29 | 52314 | 97439 54575 _ 45125 02561 47686 | 37 
30 [9.52350 9.97435 |9-54915 10.4505 [10.02565 10.470 | 30 
31 | $2355 97430 54955 45045 02579 476015 | 2g 
z2 | 52421 | 97426 | 54995 45005 0257 7579 | 28 
33 | $2459 | 97421 55035 44965 02579 47544 | 27 
34 52492 97417 55075 44925 02583 4758 | 26 
35 | $2527 | 97412 $5125 44585 02588 47473 | 25 
36 | 52553 97498 $5155 44845 ©2592 47437 | 24 
37 | 52598 9740} 55295 44805 ©2597 47492 | 23 
3852634 | 97399 35235 44765 ©2601 47366 | 22 
39 52669 97394 | __ 55275 44725 02606 ”"343 Las 
40 9. 52705 9 97390 9.5515 [10.44655 [10.02610 . 7495 2 
41 | $2740 97385 55355 44645 02615 47260 | 19 
42 | 52775 97381 55395 44595 o2E19 47225 | 18 
43 | 52810 97376 55434 44 66 02624 17189 | 17 
44 | 52846 | 97372 | 55474 44526 czE28 47154 | 16 
45 | 52381 | 97367 | £55514 4486 02633 47119 | 15 
46 | 52916 | y7362 $5554 44446 02637 47034 | 14 
7 | 52951 97358 $5593 44407 02642 47949 | 13 
48 | 52986 97353 55633 44307 2647 47-14 | 12 
49 j__53021 | 97349 | 55673 44327 22651 | _ 40979 | In 
50 9.53056 9.97344 19+ £5712 10.44288 10.2630 1.40944 10 
51 | 53891 97 340 $5752 | 44248 02.660 46903 
52 | 53126 | 97335 | 55791 4429 2665 46873 | 8 
53 | 53161 97331 55831 44169 02669 46839 - 
$4 | 53196 97326 | 55870 44130 C2674 46304 | 6 
55 | $3231 | 97322 55910 41090 02678 46769 | 5 
56 | 53266 | 97317 | 55949 44051 0268: 46734 | 4 
$7 | $3301 97312 55989 44011 0268 49699 3 
58 53336 97 398 56028 43972 02692 45664 2 
39 83370 97303 56067 43933 c2697 46630 I 
bo | 53405 97299 56107 43393 C2701 46595 0 
— D—— — — — — - — — — — 
Co-fine. | Sine. 'Co-tang. Tangent. Co- ſecant Secant. M 
— — 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants, 20 Degs, 


M. 


K —— 


Sine, | Co-fine, | 
9.53405 9.97299 
5344⁰ 97294 
53475 97289 
53509 97285 
53544 97280 
53578 97275 
53073 97271 
53647 97266 
53682 97262 
e 
9.53751 0.97252 
53785 97248 
5819 97243 
53854 97238 
53888 97234 
53922 97229 
53957 97224 
53991 97220 
5402 97215 
$4039 | 97310 
9.54093 [997200 
54127 97201 
54161 | 97196 
£4195 97192 
5422 97187 
54263 97182 
54297 97178 
54331 97173 
54365 97168 
54399 [97163 
9. 54432 9.97159 
54460 97154 
54500 97149 
54.534 97145 
54567 97140 
54601 97135 
54535 97130 
54668 97126 
54702 97121 
$4735 | 972116 
54769 19+97111 
54802 97106 
$4836 97102 
54869 97097 
54903 97092 
54939 | 97087 
54969 97083 
55003 97078 
55936 | 97073 
55069 97068 
5510 97063 
55136 | 97059 
55169 | 97054 
55202 97049 
55235 97044 
55268 | 97039 
55301 997034 
55334 97030 
55367 97025 
55400 97020 
55433 97015 
Co-fine,' Sine. 


Tangent.| Co-tang. | Secant. Co- ſecant 
9.56107 10. 43893 10. 02701 10.4659 | 55 
56146 43854 02706 46 £60 | 59 
56185 43815 02711 46525 | c$ 
56224 43776 02715 46491 57 
56264 43736 02720 46456 | 50 
56303 43697 02724 46422 | 55 
56342 43658 02729 46337 | 54 
56387 43619 02734 46353 | 53 
56420 43580 02738 40318 | «2 
56459 43541 02743 40234 | cx | 
9. 56498 10. 43502 [10.02748 10. 4049 5 
56537 43463 02752 46215 | 49 | 
56576 43424 02757 46181 48 | 
56615 43335 02762 46146 | 45 | 
56654 43346 02766 46112 a6 | 
56693 43307 02771 46c73 | 45 | 
$6732 43268 C2776 46043 | 44 | 
$6771 43229 02780 46009 43 
56810 43190 ©2785 4597 42 
56549 _ 43151 02789 45941 41 
9.56887 10.43113 10. 02794 10. 45909 7 
86926 43074 02799 453873 39 
$6465 43035 02804 45839 38 
£7004 42996 o2808 45805 37 | 
57042 42958 02813 45771 36 
57081 42919 02818 45737 |} 35 
57120 42880 02322 45703 | 34 
£7158 42842 o2827 45669 | 33 
©7197 42803 02832 45635 | 32 
$7235 42765 02837 45601 JI 
9+57274 [10.42726 |10.02841 [10.45567. | 30 
$7312 42688 ©2846 45534 | 29 
$7351 42649 o2851 45500 | 28 
537389 42611 02855 45466 | 27 
57428 42572 02860 45433 25 
57466 42534 02865 45399 | 25 
57504 42496 02879 45365 | 24 
5754. 42457 02574 45332 | 23 
57581 42419 02879 45298 22 
57619 42281 02884 45265 (21 
9.57658 10. 42342 10. 02839 1045231 
57696 2304 o2893 45198 
57734 42266 02898 45164 
57772 2228 02903 45131 
57810 42190 o2908 45097 
57849 42151 02913 45064 
57887 42113 82917 45031 
57925 42075 02922 44997 
£7963 42037 02927 44904 
5800 41999 02932 | 44931 
9 58039 [10-41961 10. 02937 10. 44898 
58077 41923 92941 44864 
58115 41885 02946 44831 
58153 41847 ©2951 44793 
58191 41809 ©2956 44765 
58229 41771 02961 44732 
$3267 41733 02965 44699 
58304 41696 02970 | 44666 
58342 41658 | 02975 44603 
58380 41620 02980 44690 
58418 41582 02985 44567 
Co-tang. Tangent. Co-ſecant! Secant. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 21 Degs. 


tt. 


—— — 
— 
— - 
— - 


: 
: 


1. Sine. Co- ſine. Tangent Co-tang. | Secant. 'Co-tecant] 1 
| —— nuns | ann ane — „ ix 
| o [9+55433 [9+ 97015 9+ 55415 to. 41582 [10.02985 [10.44567 1 
N 1 $5400 97010 58455 41545 02990 44534 i | 
| 2 | 55+99 97005 58493 41507 ©2995 44501 Wo | 
3 55531 97001 $0531 41409 2099 44468 4 
| 4 | 55564 | 96996 | 53599 41431 03004 | 44436 1 
5 55597 99991 28605 41394 O 3009 44403 
|. 6 | 55630 95985 5 644 41350 03014 44379 
7 55963 96981 53681 41319 83919 44337 
$ | 55695 96476 58719 41281 03024 44305 
5 65728 96971 88757 41243 02029 44272 
7 9.55761 9.96900 . 58794 10. 4120 10. 03034 144239 
55793 96962 58832 41168 03033 44207 
55826 96957 58869 41131 ©3043 44174 
55858 96952 58907 41093 C3048 47142 
55891 96947 58944 41056 03053 44109 
$5923 96942 58981 41019 03053 44077 
55956 96937 59219 409S1 ©3063 44244 
55388 96932" | 59056 40944 03063 44012 
$0021 96927 59094 409 ©3073 43979 
56053 96921 50 3 40369 03078 43947 
9.56085 [9+96917 9.59168 10. 40832 10. 03083 10. 43914 
56118 96912 59205 40755 03088 43882 
| 56150 96907 59243 40757 3003 43850 
| 56182 96903 59280 42720 03097 43818 
| 56215 96898 59317 406383 ©3102 43735 
| 50247 96393 59354 40646 03107 43753 
| 56279 96888 59391 40609 03112 43721 
56311 96883 59429 42571 03117 43689 
56343 96878 59466 40534 03122 43657 
56375 96873 $950; 20497 03127 43025 
9.56408 9.90868 [3+ 59540 10. 40460 10. 03132 |10.43592 
56449 | 96863 | 59577 40423 03237 43560 
56472 | 96858 | 59614 40386 314 43528 
| $6504 | 96853 | 59652 | 49349 | ©3147 | 43496 
5653 96848 | 59688 49312 93152 43464 
| 56563 96843 59725 4027 93157 43432 
| 5659 96338 59762 40238 03162 43400 
N 56631 96833 59799 40201 03167 43369 
| 56603 96828 53835 40165 03172 43337 
| 390 56695 96823 599872 420128 03177 43395 
40 [9.56727 [9-96818. [9.59909 10.400991 10.3182 0.43273 | 20 
41 $6759 96813 53946 40054 03187 43241 10 
42 56790 96808? 59983 40017 ©3192 4.3240 13 
43 56822 96803 60019 39981 03197 43178 17 
44 | 56354 | 96798 | 60056 39944 ©3202 43146 | 16 
45 56886 96793 69093 9907 03207 43114 | 15 
46 | 56917 96788 60130 39370 03212 43083 | 14 
47.| 56949 | 95783 | 60166 39534 03217 43051 | 13 
48 56980 96778 60203 39797 03222 43020 12 
49 | $7012 96772 60249 39760 ©3228 42988 11 
; $0 [9+ 5704 9.96767 9.60276 12.34724 10. 03232 0.42950 10 
gr | 57075 | 96762 | 00313 39687 03238 42925 | 9 
52 | 57107 | 96757 | 60349 39651 | 03243 42393 | 8 
53 57138 96752 60386 39614 03248 42862 7 
54 | 57169 96747 60422 | 3957 03253 42830 6 
5s | 57202 | 96743 60469 | 39547 | 03238 | 42709 } 5 
56 | 57232 96737 60495 39505 03263 42768 | 4 
57 | 57264 | 96732 | 60532 39498 03268 42730 | 3 
53 | 57295 | 96727 | 60568 39432 | 03273 42705 | 2 
59 57326 | 96722 60605 39395 03278 42674 
| bo | 57357 96717 60641 39359 03283 42042 o 
| Co-fine. | Sine. Co-tang. Tangent.'\Co-ſecant! Secant. M. 1 
— — — 
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TABLE V. Of arTIFICIAL Sines, Tangents, and Secants. 22 Degs, 


M.] Sine. Co- ſine. Tangent. Co-tang. | Secant. |Co-ſecant 
— — — — —ñ— — 1 — — — 
0 9. 57358 [9.96717 9. 60641 10. 39359 10. 03283 10. 42642 60 
11 57389 96711 60677 39323 03289 42611 | 59 
2 $7420 96706 60714 39286 03294 42580 58 
3 | 57451 | 96701 | 60750 39250 03299 42549 | 57 
4 57482 96696 60786 39214 03304 42518 56 
5 | $7514 96691 60823 39177 03309 42486 | 55 
6 | 57545 | 96636 | 6 859 39141 03314 42455 | 54 
7 | $7576 | g668x [60895 39105 03319 42424 | 53 
$ | 57607 | 96676 | 60931 39069 03324 42393 | 52 
9 |_57633 | 96670 | 6ogb7 39033 ©3330 42362 | 51. 
10 . 576009 9.96665 9.61004 10. 38996 [10.03335 [10.42331 | 50 
11 $7700 96660 61040 38960 03340 42300 49 
12 57731 | 96655 | 61076 38924 03345 42269 | 48 
13 57762 966 50 61112 38888 03350 42238 | 47 
14 | 57793 | 96645 | 61148 33852 03355 42207 | 46 
i5 | 57824 95640 61184 38816 ©3360 42176 | 45 
16 | 57854 96634 61220 38780 03366 42145 | 44 
17 57885 96629 61256 38744 03371 42115 | 43 
18 | 57916 96624 61292 38708 03376 42084 ⁴ 42 
19 | 57947 | 96619 | 61328 33672 03381 42053 | 41 
20 [9+ 57978 [9.96614 [9.61367 10. 38636 10. 03386 10.42022 © 40 
21 58008 96608 61400 33600 03392 41992 | 39 
22 58039 96603 61436 35564 03397 41961 | 33 
{| 23 58070 96598 61472 38528 03402 41939 | 37 
24 | 58100 96593 61508 33492 03407 41899 36 
25 581731 96588 61544 38456 03412 41869 | 35 
26 58162 96582 61579 38421 03418 41338 | 34 
27 | 53192 | 96577 | 61615 38385 03423 41808 | 33 
28 | 58223 96572 61651 38 349 03428 41777 | 32 
| 29 | $3253 26567 | 61657 | 38313 03433 41747 | 31. 
30 [9.58284 [9.96562 [9.61722 10. 38287 10. 03438 KN. 41716 | 30 
31 | 58314 965 56 61758 33242 03444 636 | 29 
32 | 53345 | 956551 61794 33206 03449 41655 28 
| 33 58375 | 96546 | 61830 35170 03454 41625 | 2 
34 | 58406 | 96541 | 61865 38135 03459 41594 | 26 
135 58436 | 96535 | 61901 38099 03465 41564 | 25 
36 | 58467 | 96530 | 61936 30093 03470 41533 | 24 
37 538497 96525 61972 3802 03475 41503 23 
38 58527 96520 | 62008 37992 03480 41473 | 22 
39 | 58557 g6514 [ 62043 | 37957 03486 41443 | 21 
40 9.58588 3.96500 9.62079 10. 37921 [10.03491 0.41412 20 
41 | 5861896504 | 62114 37886 03496 41382 | 19 
42 | 53648 | 96498 | 62150 378 50 ©3502 41352 | 18 
43 58678 96493 62185 37315 03507 41322 | 17 
44 | 58703 | 964338 | 62221 37779 03512 41291 | 16 
45 | 53739 | 96483 | 62256 37744 03517 41261 | 15 
46 58769 | 96477 | 62291 37708 03523 41231 | 14 
47 58799 96472 62327 37673 03528 41201 | 13 
48 58829 96467 62362 37638 03533 41171 12 
49 | 53859 | 96461 | 62398 37602 03539 41141 11 
50 [9.58889 9.96456 9.62433 10. 37567 10. 03544 [10.41111 10 
51 58919 96451 62468 37532 03549 41081 9 
52 | $3949 | y6445 | 62504 37496 03555 41051 | $ 
53 | 53979 | 96449 | 62539 37461 03560 41022 | 7 
54 | 55009 | 96435 | 62574 37426 ©3565 409 | © 
55 | 58039 | 96429 | 62609 37391 C3571 409615 
56 2 96424 | 62645 37355 03579 40931 | 4 
57 | 5809 96419 62680 37329 03581 40902 3 
"58 58128 96413 62715 37285 03587 40872 2 
59 { 53158 96408 62750 37250 03592 40842 I 
60 58188 96403 62785 37215 03597 40812 0 
- »/ Co-fine.! Sine. Co-tang. Tangent. Co- ſecant] Secant. M. 
— U—U—U—ꝛi— — ——— çMZI———— 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 23 Degs. 


— — — 


M.] Sine. | Co- ſine. Tangent. ] Co-tang.] Secant. Co- ſecantc 
o %. 59188 9.96403 [9.62785 10. 37215 10.035997 10. 40812 60 
1 59217 96397 62820 37180 03603 40782 59 
2 | 59247 96392 62855 þ 37145 03608 4<753 | 58 
3 59277 96386 62890 37110 03613 40723 57 
4 | 59397 96381 | 62926 37074 03619 4 693 | 56 
81 59336 | 96376 | 62961 37039 03624 4-664 | 55 
6 | 59366 | 96370 '| E2996 37004, | 03630 49634 | 54 

2 59396 96364 63031 39969 03635 40604 | 53 
$ | 59425 96360 63066 36934 03640 40575 | 52 

9 | 59455 | 96354 | 63101 36399 03646 40545 81 
10 9.59484 [9.96349 [9.63135 10.35865 10. 3851 1.4310 50 | 
11 59514 9634 63170 36830 03657 40486 49 
12 | 59543 | 9933 63205 36795 03562 40457 | 48 
13 | 59573 | 96333 | 63240 36760 03667 40427 | 47 
14 $9602 96327 63275 36725 03673 40398 | 45 
15 59632 96322 63319 36690 03678 40363 | 45 
16 | 59661 | g6316*} 63345 36655 03684 40339 | 44 
17 | $9690 96311 63379 36620 3689 40310 | 43 
18 | 59720 96305 63414 36586 03695 40289 2 

19 | 59749 96300 63449 36551 03700 40251 41 

20 . 59778 [9.96294 [9.63434 10. 30516 flo. 0370 [19.40222 4 

21 | 59808 9628g 63519 36481 0371 40192 | 39 

22 | 59837 | 96284 | 63553 36447 03716 40i6z | 38 

23 | 59866 96278 63588 36412 03722 | 40134 | 37 

24 | 59895 | 96273 | 63623 36377 03727 40105 | 36 

25 | 59924 | 96267 | 63657 36343 03733 40076 | 35 

26 | 59954 | 96262 | 63692 36308 03738 40046 | 34 

27 | 59983 | 96256 | 63726 36274 03744 40017 | 33 

28 | 60012 96251 63761 36239 03749 3998832 

ag | 680 % | g6245 | 63796 | 36204 | 03755 39959 | 31. 
30 [9.60070 [9.96240 [9.63830 [0.36170 flo. 0376 10 39930 | 30 

31 | 600g 96234 63865 361:5 03766 39901 | 29 

32 60128 96229 63899 36101 03771 393872 | 28 

33 | 50152 | 96223 | 63934 36066 03777 39843 | 27 

34 | 60186 96218 63968 36032 03782 39814 | 26 

35 60215 | 9621264003 35997 03788 39785 | 25 

36 | 60244 | 96207 64037 35993 03793 39756 | 24 

37 | 60273 | 96201 | 64072 3592 03798 39727 | 23 

33 | 60302 95196 64106 35394 03804 39698 | 22 

39 } 60331 96190 64140 35860 03810 39669 | 21 

40 9-00359 9.96185 [9.64175 10. 35825 [10.03815 [10.39641 | 20 

41 | 6038 96179 64209 35791 03321 39612 | 19 

42 | 60417 | 96174 64243 35757 03326 39533 | 18 

43 | 60446 | 96168 | 6427 35722 03832 39554 | 217 

44 | 60474 96162 64312 35638 03338 39525 | 16 

45 | 65503 96157 | 64346 | 35654 03343 39497 | 15 

45 | 60532 96151 64381 35619 03349 39463 | 14 

47 [60561 | 96146 | 64415 35535 03355 39439 | 23 

48 60589 96140 64449 35551 03860 39411 | 12 

49. 60618 96135 64483 35517 03366 39332 L 

30 [9.60646 [9.96129 [9.64517 10. 35483 10.3871 1039353 | IO 

51 | 60675 | 96123 | 64552 35443 03877 39325 | 9 

52 | 60704 96118 64586 35414 03832 39296 

53 | 60732 95112 64620 35380 02888 39268 7 

54 | 6076x | g6107 f 64654 35346 0333 39239 6 

55 | 60789 96101 64688 35312 83899 39211 5 

56 | 60818 96095 64722 35278 03995 39182 4 

57 60846 96090 54756 35244 03910 39154 3 

58 | 60874 96084 64790 35210 03916 10125 2 

59 | 60903 96079 | 64824 35176 03921 39097 l 

bo 60931 96073 64358 35142 03927 39060 fs) 

— ————— —— — — — ——— — —_—__ =... 

Co-ſine. Sine. Co-tang. Tangent. C--ſecant' Secant. M. 
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TABLE V. Of arTIFICLAL Sines, Tangents, and Secants. 24 Des. 


— — — 


- — — 


— — ? ä —  _— —Ü—2 


— — 
a 


M. | Sine. Co- ſine. Tangent. Co-tang. | Secant. Co- iccant | 
e HIP 5 37 10. 390 80 
oO 9.60931 [9-96273 [9.64858 10. 35142 0. 03937 10. 39069 | 6: 
I | 60960 96067 64892 35108 03933 $4040 eq | 
| 26098 96062 64926 35074 03338 39012 
3 | C1816 96256 64960 35 40 03944 38984 57 
4 61045 96050 64594 35006 C3950 39955 G 
FA 61073 96045 65229 34972 03G75 33927 _ 
6 | Gx201 96039 65062 34933 ©3961 38899 54 
7 61129 9034 65090 34004 3966 38871 53 
8 61158 96028 | 65139 | 34870 03972 35842 $2 || 
| 9 51186 96022 65164 34835 03978 18812 5x | 
10 19.6121 9.95017 5 65197 10. 3403 [0.03983 - fꝛ0. 387 55 
11 651242 96011 | 65231 34769 o 3989 38758 4. 
12 6777 n 552635 32735 03995 39730 48 
13 | ©1298 93959 | 25299 34701 C4009 38702 47 
14 | 6r326 9596.4 65333 34657 ngcob 358074 | 46 | 
15 ˖ 95988 6538 34634 ©4012 35646 45 
10 613382 95982 65.400 34600 ©4018 38618 44 | 
17 61411 95977 65434 | 34.566 C4C23 3285889 43 
4 67438 95971 05497, | 34533 04229 35561 42 
Th 61456 98365 6550 1 244909 5402 38574 41 | 
20 9.61494 3 15360 _ 9.655335 1 345 | ©, 04040 19. 385906 % | 
21 | 61522 95954 | ©356e 34432 04046 3947S | 39 
22 | 61559 | 959g8 | 65502 31328 C4052 33450 | 38 
23 61578 95942 65035 3+364 0458 3842237 
241 61606 95937 65669 34331 04963 38394 | 36 
25 | 61634 95931 65703 34247 cqobg 38366 | 55 
26 | 61662 755925 65736 34264 04075 38333 | 34 
27 61589 95320 65770 31230 o 80 38311 | 3; 
28 | 617387 | 95914 | 65503 3415 ©4036 35233 | 32 
24 | 61745 05908 _65837 34163 04092 38255 | -1 
30 9.61773 [3-95902 9.65870 10. 34130 | v.04048 |10.38227 30 
31 | 61800 95895 65904 3496 04103 38205 | 29 
32 6182895577 65937 34063 04109 38172 | 28 
33 | 61856 95885 65971 34029 04115 38144 27 
34 61883 95879 66004 33996 O4121 38117 | 26 
35 61971 95873 66038 33962 04127 38089 | 25 
36 | 61939 95868 66271 33929 ©4132 38061 | 24 
37 | 61966 95862 66104 33896 04138 38034 ⁵23 
| 38 | 61994 95356 66138 33862 04144 38006 | 22 
39 | 62021 95850 66171 33829 04150 37979 21 
40 9.52049 9.95844 9.5624 10. 33796 10.041556 10. 37951 | 20 
41 | 62075 [95339 | 66238 33762 ©4161 37924 | 19 
2 | 62104 95833 66271 33729 4 ©4167 37896 | 18 
43 | 62137 | 95327 | 66304 33696 | 04173 37869 | 47 
44 | 62159 | 95821 | 66337 33663 04179 37841 | 16 
45 | 62186 95815 66371 33629 o418 5 37814 | 15 
46 | 62214 95810 66404 33596 04190 37786 | 14 
47 622 1 95324 | 66437 33563 04196 37759 | 13 
48 62268 95798 66470 33530 04202 37732 12 
49 | 62296 9572 66 50 22497 04208 37704 | 11 
50 9.02323 [9-95786 66537 10. 33% 3 10, 04214 10. 376077 | 12 
5 7 62350 95780 6570 33430 04220 37650 9 
52 | 62377 | 95775 | 66603 35397 ©4225 37623 |. 5 | 
$3 | 62405 | 95769 | 66636 33364 ©4231 Iz 
$4 | 62432 | 95763 66669 33331 04237 37568 < 
55 ©2459 95757 66702 33298 04243 37541 5 
56 62436 95751 66735 33265 04249 37514 4 
7 | 62513 95745 60768 33232 04255 37487 3 | 
58 62541 95739 66801 33199 04261 37459 2 | 
59 | 625 | 9:733 | 66334 33166 ©4267 37432 | 2 | 
60 62595 95728 | 66867 33133 04272 37405 © | 
Co- ſine. Sine. 'Co-tang.' Tangent. |Co-ſccant! Secant. ! 0 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 25 Degs. 


—— 


dine. Co- fine. Langent. Co-tang.] Secant. |Co-fecant, 
9.62595 9.95728 . 66867 10. 33133 0.04272 . 3740 | 60 
I 62622 9572 66900 33100 042 75 37378 55 
2 | 62549 95716 66923 32057 04234 37351 58 
3 62676 95710 66966 33354 04290 37324 = 
4 62703 | 95704 66599 33001 4296 37297 | 56 
s 1 62730 | 95698 67042 32968 04.302 37270 | 55 
6 62757 | 95692 67065 32935 ©4308 37243 54 
7 | 62784 | 95036 67095 32902 04314 37216 | 53 
$ | 62811 | 95680 67131 32360 04320 37185 | 52 
9 62338 05674 67163 2327 04226 27162 51 
70 9. 02 5 9.95088 67190 10.328384 10. 4332 10. 37135 | co. 
11 652892 95662 67229 32771 04317 37108 | 49 
12 | 62928 95657 67202 32738 84343 37032 | 48 
13 | 62945 | 95532 | 67295 32795 04343 37055 | 47 
14 | 62972 95645 67327 22673 04355 37028 | 46 
15 2999 95639 67360 32640 04361 37:01 | 45 
16 {| 63026 95633 J. 67393 32607 C4397 36974 | 44 
17 | 63052 9562 67426 32574 04373 35348 | 43 
18 | 63079 95021 67458 32542 04379 36721 | 2 
19 63106 Wr | 07491 22505 | 04385 26892 41 
20 9.63133 [9-956cy [1.67524 {15.32476 [1004391 6.67 | 20 
21 63159 95603 67559 32444 04397 36841 30 
22 | 63186 95597 67559 32411 04403 30814 | 38 
23 | 63212 95591 67022 32378 ©4409 36787 17 
24 | 63239 95585 67654 32346 O4-/.15 26761 | 36 
25 | 63266 95579 67687 32313 04421 36734 35 
26 63292 95573 67719 32281 04427 36708 34 
27 | 63319 95567 67752 32243 ©4433 366S1 | 33 
28 | 63345 | 95561 | 677% 32215 04439 36655 32 
29 | 63372 95555 67817 72183 | ©4445 | 436628 | 31 
zo 9.63398 [9.95549 9.67850 0.3150 10.4451 U 300 | 36 
31 | 63425 95543 67882 32118 044 57 36575 | 29 
32 63451 95537 67915 3208 5 04403 56 49 28 
31 63478 | 95531 | $7947 32053 04459 35322 | 2 
34 { 63504 95525 67980 32020 ©4475 2646 26 
35 | 63531 95519 68012 31988 04451 36469 | 25 
36 | 63557 95513 6304 31956 04487 36443 | 24 
37 | 63533 95507 | 65077 31923 0443 36417 | 23 
48 | 63610 95500 6$109 31391 a oo 36490 | 22 
49 | 63636 95404 68142 318538 ©4526 26254 2 
40 9.63662 9.95488 9. 68174 10. 31826 |40.04312 10.3338 | 20 
41 63689 95482 6820 31794 4318 3651 | 19 
42 63715 95476 68239 31701 04524 36285 | 18 
43 | $3741 95470 63271 31729 C1530 39259 17 
44 | 63767 95464. 68 303 31697 ©4530 36233 15 
45 | 63793 95458 68 236 31664 04542 36226 15 
46 63820 95452 63368 31632 C4543 36180 14 
47 | ©3346 954.46 63400 31600 04554 36154 13 8 
48 63872 95440 68432 31568 045950 36128 12 
2. 61893 95434 68465 21535 ©4495 36102 11 
$0 [9-63324 95427 9.684% 10.310 10.453 0.397 | 10 
151 63950 95421 68 529 31471 84579 35050 9 
52 | 63976 95415 68501 31439 04555 2692.4 8 
53 64002 95409 68593 31407 04591 35998 7 
54 | 64028 95403 68626 31374 04597 35972 | © 
55 | 64954 | 95397 | 68658 31342 ©4603 353946 | $ 
56 | 64080 95391 68690 31219 ©4029 35 429 4 
57 | 64106 95334 68722 31278 04619 35894 3 
58 64132 9537 68754 31246 04022 35398 2 
59 | 6415 95372 68736 31214 04028 55342 1 
bo | 64184 | 95366 | 63318 31782 04634 3531 0 
Co-fine. | Sine. Co-tang. Tangent. Co- ſecant Secant.“ 1 


64 Degrees. 
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TABTLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 26 Degy, 


M. | Sine. Co- ſine. [Tangent Co-tang. {| Secant. Co- ſecant 
o |9.64134 9.95366 9.688 18 10. 31182 0. 04634 10. 38816 65 
1 | 64210 95360 68850 31150 04640 35799 | 59 
| 2 | 64236 95354 68832 31118 04646 35764 | 58 
3 | 64262 | 95348 | 63914 31086 4052 35738 55 
4 | 64283 | 95341 | 68946 31954 040659 | 35712 | 56 
5 | 6431} 95335 68978 31022 04665 35687 T 
6 | 64339 | 95329 | 69010 30990 04671 35661 | 54 
7 | 64361 | 95323 | 69042 30958 04677 35635 | 53 
$ | 64395 95317 6907 30926 04633 35609 | 52 
9 |_$4417 | 95310 | 69106 0894 04690 | 35583 | 51 
"70 9.64442 9.95304 [9-69138 f. 308% 10. 04696 o. 35558 7 
ix | 64463 | 95298 | 69170 z0$30 04702 35532 | 49 
| x2 | 64494 | 95292 | 69252 30798 04708 35506 | 48 
| x3 | 64519 | 95236 | 69234 30766 04714 35481 47 
14 | 64545 | 95279 | 69266 30734 04721 35455 | 46 
16 | 64571 95273 | 69298 39702 04727 35429 45 
16 | 64596 | 95267 69329 30671 04733 35404 44 
176452295261 [ 69361 30639 04739 35378 | 43 
18 | 64647 95254 | 69393 30607 04746 35353 42 
19 | 64673 95248 | O94z5 | 39575 05752 35327 | 41 
| 20 64698 9.95242 9. 69457 19.300543 10. 04758 10.353302 7 
21 64724 95236 [ 69488 30512 04764 35275 | 39 
22 | 64749 | 95229 | 69520 20480 04771 35251 | 38 
23 | 64775 | 95223 | 09552 30448 04-777 35225 37 
24 64800 95217 69 584 30416 04783 35200 | 26 
25 | 64826 95211 69615 30385 04589 35174 | 35 
26 | 64851 | 95204 | 69647 30353 ©4796 35149 | 34 
| 27 | 64877 | 95198 | 69679 30321 04802 35123 | 33 
| 28 | 64902 | 95192 | 69710 30290 04808 35998 | 32 
29 | 64927 | 95185 | 69742 30258 04815 35973 37 
"30 [9-64953 9.95179 9.69774 10. 30226 [10.04821 10. 35047 35 
33 64978 | 95173 | 69805 30195 04827 35022 | 29 
32 | 65003 95167 69837 30163 04833 34997 | 28 
33 65029 95160 69368 30132 04340 34971 | 27 
34 | 65054 | 95154 | 69900 30100 04846 34949 | 26 
35 | 65079 95148 69932 } 30068 043852 34921 | 25 
35 | 65104 | 95141 | 69963 30037 4859 34896 | 24 
37 | 65130 | 95135 [ 69995 30005 04865 34870 23 
38 | 65155 95129 70026 29974 04871 | 34345 | 22 
39 2 180 95122 70058 29942 04878 34820 | 21 
"40 9.65205 9.95116 [9.70089 10. 29911 [10.04884 10. 34795 | 20 
4x | 65230 95110 70121 295879 04890 34779 | 19 
42 | 65255 | 95103 | 70152 29848 04897 34745 | 18 
43 | 05281 95097 | 70194 29816 04903 34719 | 17 
44 | 65306 95099 70215 29785 04910 34694 | 16 
45 | 65331 95084 70247 29753 04916 34669 | 15 
46 | 65356 95078 70278 29722 04922 34644 | 14 
47 | ©5381 95971 70309 29691 04929 34619 | 13 
48 65406 95065 70341 29659 04935 34594 | 12 
49 | 65431 95059 78322 2962 04941 3456g | 11 | 
50 . 65456 [9.95052 9. 70% 10.2959 110.049458 10. 34544 | 10 | 
| 51 | 65431 95946 70435 29505 04954 34519 2 
52 | 65506 | 95039 | 70466 29534 04961 34494 
$3 | ©5531 95033 70498 29502 04967 34469 | 7 
54 | 65556 | 9507 | 70529 29471 04973 34444 | 6 
55 65580 95020 70560 29440 04980 34420 5 
56 | 65605 | g5014 | 79592 294<8 ©4986 34395 | 4 | 
57 | 65639 | 95007 | 70623 29377 04993 | 34370 | 3 
58 | 05655 | goon | 706g 29346 04999 34345 |_2 | 
59 | 65680 | 94994 70685 29315 05005 34320 | 1 
60 | 65705 94988 70717 29280 050 12 34295 O | 
al. ce —_ Lene — ** K„—— 
Co- ſine. Sine. Co-tang. Tangent. ny nee Secant, | M. 


, _ _— — 


03 Degrees. 


2 
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TALE V. Of arTIFICIAL Sines, Tangents, and Secants. 27 Degs. 


3 


[M. | Sine, Co-ſine. Tangent. Co-tang. | Secant, Co-ſecant, 
— — — — —— — — — IT EII—_— — 
| o [9.65705 [9.94983 [9.707179 10. 29283 |10.05012 10. 34295 | 60 
| 1 | 65729 94932 70748 29252 05018 34271 -| 59 
2 | 65754 | 94975 | 72779 29221 ©5025 34246 58 
31 65779 94969 70810 29190 05031 34221 | 57 
4 65804 94962 70841 29159 05038 34196 56 
; 65828 | 94956 | 70873 29127 95044 34172 | 55 
65853 | 94949 | 70go4 | 29096 | ogogr | 34147. | 54 
| 7 | 65878 94943 7-935 29065 05057 34122 53 
8 | 65902 949 36 70966 29034 05064 34098 2 
9 | 65927 | 94939 | 70997 29003 05070 34073 | 51 
1 (9.65952 9.94923 [9.71028 10. 28972 |10.05077 10. 34043 | 50 
165976 | 94917 | 71659 2894 | o5033 | 34024 | 49 
12 | 66:01 94910 71090 28910 05039 33999 | 48 
13 | 66025 94904 71121 28879 925096 | 33975 | 47 
14 66050 94898 71153 28847 05102 33950 46 
15 | 66075 94891 71184 288 16 oõ 109 33925 [45 
16 66099 94884 51215 28785 05115 33901 44 
17 | 66124 { 94878 71246 28754 05122 33376 [43 
13 | 66148 | 94871 | 71277 28723 05129 333852 | 42 
19 | 66173 | 94865 | 71308 | 28692 05135 33327 | 41 
20 . 66197 9.94858 [9.71339 10. 28661 10. 05142 10. 33803 | 40 
21 | 66221 94852 71370 28630 05148 13779 | 39 
22 | 66246 | 94345 | 71401 28599 ©5155 33754 | 33 
23 | 66270 94839 71431 28 568 05161 33739 | 37 
24 | 66295 94332 71462 28538 05168 33795 :6 
25 6631964826 | 71493 28507 05174 33631 | 35 
26 | 66343 | 94819 | 71524 28476 o5181 33657 | 34 
27 | 66368 | 94813 | 71555 23445 05187 33632 | 33 
28 | 66392 94806 71586 28414 05194 33608 | 32 
1.29 66416 94799 71617 28383 05201 33534 | 31 
zo 9.66441 9.94793 [9.71648 10. 28352 10. 0520% [10.33559 30 
31 | 66465 | 94736 | 71679 28321 05214 33535 | 29 
32 | 66489 94780 717cg 28291 05220 33511 | 28 
| 33 | 66523 | 94773 | 72740 28260 05227 33437 | 2 
34 | 66537 | 94767 | 71771 28229 05233 33463 | 26 
35 | 66562 94760 71802 28198 05240 33433 | 25 
36 | 66586 94753 71833 28167 C5247 33414 | 2 
37 | 66610 94747 71863 28137 05253 33300 ̃ 2 
3866634 94740 71894 28 106 05260 33366 | 22 
2 | 66658 947 34 71925 28075 05266 33342 | 21. 
40 9.66682 9.94727 [9.71955 10. 28045 10. 05273 j10 33318 | 29 
41 | 66706 94720 71986 28014 £5280 33203 | 19 
42 | 65731 94714 2017 27983 05286 33269 18 
43 | 66755 | 94707 | 72048 27952 05293 33245 | 17 
44 66779 94700 72078 27922 05300 31221 | 26 
45 66803 94694 72109 | 27891 95306 33197 [15 
46 | 66827 | 94687 | 72140 27860 ©5313 33173 | 14] 
47 66851 94680 72170 278 30 ©5320 33149 | 13 
48 | 66875 94674 72201 27799 ©5326 233125 | 12 
49 66899 94.667 72231 27769 05333 33001 } nl 
50 9.66922 9.94650 9.72262 10. 27738 0. 05340 10. 33078 | 10 
5166946 | 94654 | 72293 277907 | 05346 33954 | 9 
52 | 66970 | 94647 | 72:23 27678 ©5353 33030 | 8 
$3 | 66994 94640 | 72354 27046 | 05350 33006 | 7 
54 | 67018 94634 72384 27616 05365 32982 b 
55 | 67042 | 94627 | 72415 27585 05373 32958 | 5 
56 | 67066, | 94620 | 72445 27555 05359 32934 | 4 
$7 67090 94614 72476 27 524 05386 32910 | 3 
58 | 67113 | 94607 | 72506 27493 05393 32387 | 2 
59 | 67137 | 94600 | 72537 27463 05400 32863 I 
bo | 67161 94593 72567 27433 05407 32839 0 
Co- ſine.] Sine. Co- tang. Tangent. Co- ſecant! Secant. M. 


—— — —— ——— 


62 Degrees. 


TapLtt V. Of ARTIFICIAL Sines, Tangents, and Secants. 28 Degs 


M., Sine. Co- fine. Tangent. Co-tang. Secant. ,Co-lecant 
. 
c [9.67161 9.94593 9.72567 10. 27433 10. 05407 io. 32839 | 69 
I 671853 94587 | 72598 27403 05413 328165 | 30 
2 | 67208 94580 | 724283 27472 05420 32792 | 58 
3 67232 94573 72659 27341 05427 32768 67 | 
4 | 67256 04507 | 72089 27311 85433 32744 | 5% 
s | 672380 94560 | 72720 27280 C5440 32720 | 55 | 
6 | 67323 | 94553 | 72750 27259 ©5447 32097 | 54 | 
7 67327 94546 | 72780 27220 05454 32673 3 | 
& | 67350 94540 72811 27189 05460 32650 | 52 | 
9 | 67374 | 94533 | 72941 27159 05467 e 
— — — — + A e nee eee ee 
1 . 67398 7.94526 9.72872 10 27128 10.805474 10.326002 | TH 
11 67421 94519 129-2 27098 05451 32579 | 49 | 
12 67445 547513 72932 27068 05487 32555 | 45 
13 | 67468 | 94506 | 72963 27037 05494 32532. | 47 | 
14 } 07492 94499 72993 27007 95501 32508 | 45 | 
15 67515 04402 72023 26977 05503 32485 45 | 
16 7539 94485 730 54 26940 ©5515 32461 | 44 
17 67562 94479 73084 26916 C$521 32438 | 43 
13 67586 94472 73114 26886 05528 32414 | 42 
19 | 67699 | 94465 75144 26856 05335 | 32391 41 
0-19 07033 -19-9445% [973375-: [10026525 . 55% [10-32367 | 40 
21 | 67656 944<1 73205 26795 ©3549 32344 | 39 | 
22 | 67650 9444-5 73235 20755 05555 32320 | 3s | 
23 | 67703 94438 73265 26735 05562 32297 | 37 
2 67726 94431 73295 26705 ©5569 32274 36 | 
25 | 67750 944.24 73326 26674 ©5576 32259 | 35 
26 67771 | 94417 | 73356 20444 05583 32227 | 51 
27 67796 94419 73336 20014 ©5590 32204 | 3 
28 | 67820 94404 724.16 26584 ©5596 32180 32 \ 
29 67843 | 94397 73440 |___ 29554 05903 32157 | 31 
30 9.67866 9.94390 9.73470 1026524 10.056010 10 32134 30 
31 67890 94383 73507 26493 05017 32110 29 
7 67913 04376 73537 26453 05624 32087 28 
33 | $7936 | 94369 73567 20433 05631 32064 (27 
34 | 07959 | 943%2 73597 2 403 05638 32041 | 26 
35 67982 94355 73627 25373 05045 32013 | 25 
36 | 63006 | 94349 73657 2934.3 05651 31994 ä 24 | 
37 68029 94.242 73687 26313 05658 31971 23 
38 [68052 94335 73717 26283 05065 31945 | 22 
39 63075 94228 72747 262 585722 41925 | 21 
"40 9.68098 9.94321 {9.72777 10. 20223 [10.05574 [1.31902 20 
41 | 65121 94314 | 73807 26193 05686 31379 | 19 | 
42 63144 94.307 73837 26163 05693 31850 18 
43 68467 94300 73867 26133 05700 31833 | 17 
44 | 68190 94293 73897 26103 5707 31819 16 
45 63213 94286 73927 26073 05714 | 31787 | 15 
46 | 63237 94279 73957 26041 05721 31763 [14 
47 | 65260 94273 73987 26013 05727 31749 | 13 
48 68282 94266 74017 25983 05734 31718 12 
49 | 68305 94250 | 74047 25953 05741 zi6gg | 11 | 
wk 68328 9.94252 9.740% 10. 25023 [10.05748 j10.31672 10 
gr | 68351 94245 74107 25893 05755 31649 | 2 | 
526837494238 74137 25503 05762 31626 [8 
53 | 63397 94231 | 74166 25933 ©5769 31603 | 7 
54 | 68420 94224 74196 25803 05776 31588 6 
55 (8443 94217 74226 25774 85783 1 
56 68456 94210 74256 25744 05790 31534 4+ 
5768489 94203 74286 25714 ©5797 31511 3 
58 68511 94196 74316 250684 05804 31488 2 
59 68534 94189 74345 25655 05311 31466 I 
bo 6855794182 | 74375 25625, | 05818 31443 | ®9 
— „6 — — . — — — —— 
| Co-ſine. Sine. Co-tang. Tangent. |Co-ſecant} Secant, | NM. 
— IT AEA AACR — — > — —— N —— 


61 Degrees, 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 29 Degs. 


„ + wn 9 | 
i pw tt _- 55 JO (ow aud ww  - O ; 


Sine, | Co-tine, Tangent.) Co-iang. ; Secant, \Co-ſecant 
9.68557 . 94182 [9.74375 0. 25025 10.05813 10. 31443 60 
68580 94175 74405 25595 05825 31420 | 59 
68603 94163 74435 25505 05832 31397 | 58 
68625 94161 74465 25535 ©5239 313735 7 
68648 94154 74495 25506 05346 31352 | $56 
68671 94.147 74524 25276 05853 31329 | 55 
68694 94140 74554 25446 ©5860 31306 | 54 
63716 | 94133 74583 25417 05367 31284 53 
65739 94126 74613 25337 05374 31261 52 
68762 | 94119 74643 25357 05881 31238 | 51 
9.68784 94112 974073. 10. 25327 0. 05888 10. 31216 70 
68807 | c4105 | 74792 25298, 95895 31193 49 
68829 94098 | 74732 25268 ©4902 31170 | 48 
688 52 94090 | 74762 25239 05910 31148 47 
68875 94083 74791 25209 85917 Ir 46 
68897 94076 7482 25173 ©5924 31103 | 45 
68920 94069 74851 25149 | o5g31 31080 | 44 
68942 94062 743880 25129 | ©5938 31058 43 
6896594 55 | 74910 2 0 28945 31035 | 42 
68087 2 074929 25 51 [5952 11013 [41 
3 69010 [9.94041 ) 74069 10. 250% 1005950 10. 3090 4 
63032 94234 | 74995 25002 05360 39968 | 35g 
69055 94227 | 75028 24472 05973 32945 38 
69077 | 94.20 7506824942 05930 32923 | 37 
69100 94012 - | 75087 24913 05958 30900 36 
69122 94c05 | 75117 24883 605995 30878 | 35 
69144 {| 93998 75146 24854 o6 2 30856 | 34 
69167 93991 75176 2482 o6009 30833 33 
69189 93984 75205 24795 06016 3081132 
659212 93977 75235 24765 05025 20788 31 
). 69234 9.93970 9.75264 1.24736 10. C030 |10. 20766 3 
69256 | 93963 | 75294 2470 09037 3744 | 29 
0927 93955 75323 24677 06045 30721 | 28 
69301 93943 75353 24547 (6952 30699 2 
69323 93941 -} 75382 24613 050 59 30677 26 
69345 93934 75411 2.4558 cHo66 39655 25 
69368 | 93927 75441 24559 06073 20632 | 24 
03390 93919 75+70 24530 06083 30610 23 
69412 93912 75500 24500 06088 30588 22 
69434 | 93995 | 75529 24471 hogs 30566 21 
0694509 3-93%9$ 9.75558 10. 24441 10. 06102 10. 30844 | 29 
69479 93391 75588 24412 06109 30521 | 13 
69501 93884 75617 24283 06116 | 32499 18 
69523 93876 75647 24353 o6124 | 30477 | 17 
69545 | 93809 75076 2432 06131 30455 16 
69567 93862 75705 24295 06138 30433 1 5 
89375 93855 75735 24265 06145 30411 | 14 
55511 93847 75764 24236 86153 30389 | 23 
69633 93340 75793 24207 06160 30367 | 12 
69655 93333 75922 2417 ob167 | __ 30345 11 
9 69677 9.93826 0.75852 [10.24148 10.0124 10. 30323 10 
69699 93819 75881 24119 056182 30301 9 
63721 93811 75910 24090 © 6159 35279 8 
57743 | 93304 | 75939 24050 ob196 30256 | 7 
69765 | 93797 | 75969 24031 | 06293 30235 | 6 
65787 93789 75998 24002 06210 30213 5 
64980 93782 760 23973 06218 30191 4 
69831 | 93775 | 7605 23944 06225 30169 | 3 
69853 93768 76036 2394 4 06232 30147 2 
69875 937 60 76115 23885 06240 30125 I 
69397 | 93753 | 76144 238 55 06247 30103 | © 
* — | — — — os — — 
Co-line.! Sine, |Co-tang.' Tangent. Co- ſecant Secant. | M. 


Pp 


60 Degrees, 


TAartt V. Of ARTIFICIAL Sines, Tangents, and Secants. 30 Degs 


5 — * 6 


10 


— 


59 Degrees, 


| 


EEC EY KY nuns 


— 


Sine, | Co-fine. Tangent. Co tung. Sccant. Co- ſecant 
9.69897 9.93753 976144 19. 238 56 10. 06247 10. 30103 | 60 
69919 93746 76173 233827 06254 30051 59 
67941 93738 76202 23798 06261 300 59 58 
69963 93731 76231 23769 06269 30037 | 57 
69984 93724 76261 23739 06276 30016 56 
oo 6 93717 76290 23710 06283 29994 | 55 
7c028 93709 76319 23681 o6291 29972 | 54 
7oc o 93702 76348 23652 06298 29950 | 53 
790072 93695 76377 23623 06205 29928 52 
2. __ 2582 76406 _ 3594 06313 | 29907 51 
9.70115 9.93680 [9 76435 fc. 23865 0. 06320 10. 29885 50 
70137 93673 76464 23536 06327 29864 | 49 
70159 93665 76493 23507 06335 29841 | 49 
70180 93658 76522 23478 06342 243820 | 47 
70202 93550 76551 23449 06350 29798 | 46 
702-24 93643 | 76580 23420 06357 29776 | 45 
70245 | 93636 76609 23391 06364 29755 | 44 
«0267 93628 7663 23361 06372 29733 | 43 
70283 93621 76663 23332 06379 29712 2 
70310 93614 76697 23503 06386 29690 | 41 
970332 9.606 19 76725 0. 23274 10. 6394 10. 29668 4 | 
70353 93599 767 54 232.46 6401 29647 | 39 
70375 93591 76783 22217 ©6409 29625 38 
70396 93584 76812 23188 06416 29604 37 
70418 93577 76841 23159 06423 29582 | 36 
70439 93569 76870 23130 06421 29561 35 
70461 93562 76899 25101 06438 29539 34 
70452 93554 76028 23072 06446 29518 33 
7059-4 | 93547 76957 2.2043 06453 29496 | 32 
70 521 93539 75:86 22014 c 6461 29475 31 
5.70 47 . 93832 [9.77015 10. 22985 10. 06468 10. 29453 | 30 
7 568 93525 77044 22356 06475 29432 | 29 
7050 93517 77073 22927 06483 29410 | 28 
70611 93510 77101 22899 06490 29389 | 27 
70633 93502 77130 22870 06498 29367 | 26 
70654 93405 17159 22841 06505 29346 25 
70675 93457 77188 22812 06513 2932 5 24 
70097 92480 77217 22783 06820 29303 23 
70715 92472 77245 227 54 cbg28 29282 | 22 
79739 93465 7727 2272 96535 29261 21 
7 — 7071 997457 17393 10. 22697 lis. 00543 [10029239 20 
7-782 93450 77332 22568 06550 29213 | 19 
70803 | 93442 | 77361 22639 ©6559 29197 | 28 
70824 93435 | 77399 22610 06555 29175 17 
70846 9242 77418 22582 06573 29151 16 
70857 | 93420 | 77447 22552 06550 29133 | 15 
70888 93412 77476 22524 66588 29112 14 
7-399 9340S 77505 22495 c6595 29091 | 13 
70931 93397 77533 22467 C6903 2g069 12 
29 52 94390 77562 22438 06610 29048 Lu 
570973 3.93382 6.77591 [10.224c9 10.6618 10. 29027 |; 19 
70994 23375 7761 22381 06625 29006 | 9 
71015 931267 Lo 22352 c6633 28935 8 
71036 93360 77077 22323 06640 28964 7 
71058 93352 77705 22294 06648 28942 6 
71079 93344 77734 22266 06655 28921 5 
711-0 93337 77763 22237 06663 28900 4 
71121 93329 77791 22208 06671 28879 3 
71142 93322 77829 22180 66678 288 58 2 
71163 93314 77349 22151 06636 28837 1 
71184 93307 77877 22123 06693 28816 0 
Co- ſine.] Sine. Co-tang. Tangent. Co- ſecantl Secant. M. 


TabTE V. Of arTIFICIAL Sines, Tangents, and Secants. 31 Degs, 


'$ 
my — — ——_—— — — — 
M. | Sine. Co- ſine. Tangent. Co-tang. Sccant. Co- ſccant 
o 9.71184 [9.93307 9.77877 10. 22123 io. 06693 fro. 28816 
1 71205 | 93299 | 77906 22074 06701 28735 
2 71226 93291 77935 22065 ©6529 28774 
3| 7224 93284 | 77963 22037 06716 25753 
4 | 71263 93276 77992 22008 0572 28732 
s | 71289 93269 78021 21980 06731 28711 
6 | 71310 93261 78049 21951 06739 28690 
7 | 71331 93253 73077 21923 05747 28669 
| 8 | 71352 93246 78106 2 894 06754 28648 
| a2]_23973. |..23239; [2323s | 2:36 | o676a | 28627 
10 9 71393 [9+93230 9.78163 [10.21837 . 067% (10. 23607 
| 11 | 71414 93223 78192 21808 06777 28586 
| 12 | 71435 93215 78220 21780 06785 23565 
| 13 | 71456 | 93207 | 75249 21751 06792 28544 | 
| 14 71477 93200 73277 21723 o6800 28523 
| 15 | 71498 93192 78306 21694 0680 28 502 
| 16 | 71519 93184 , 78334 21665 068 16 28431 
| 17 | 71539 93177 78363 21637 06823 28461 
| 18 | 71560 | 93169 78391 21609 06831 28440 
| 19 | 71581 93161 | 73419 21530 068 39 284 9 
20 9.71602 9.93154 78448 10. 21552 10. 06346 10. 28398 "as 
21 | 71622 93146 7847 21524 06854 28378 
22 | 71643 | 93138 | 75505 21495 06862 28357 
23 | 71664 93131 78533 21467 o6869- 28336 
24 | 71685 93123 78 562 21438 68 77 28315 
25 | 71705 93115 78590 21410 06885 23295 
26 71726 93107 78618 21382 06893 28274 
71747 93100 78647 21353 06900 28253 
71767 93092 78675 21325 o6g08 28233 
71788 93084 78704 21296 06916 28212 
9.71809 ) 93077 9.78732 10. 21208 |10.c6923 |!10.28191 | 30 
71829 93069 78760 21240 06931 28171 29 
718 50 93061 78789 21211 06939 28150 | 2 
71870 97053 78817 21183 06947 28130 | 27 
71891 93046 78845 21155 06454 28 to | 26 
71911 93038 78374 21126 06952 28089 | 25 
71932 93030 78902 21098 069 28068 24 
71952 93022 78930 21070 06978 28048 | 23 
71973 93014 73959 21041 06985 28027 | 22 
71993 93007 75987 21013 05993 28007 | 21 
9.72014 9.92999 9.79015 10. 20985 [10.07001 [10.27956 | 20 
72034 | 92991 79043 20957 07009 27965 | 29 
72055 92983 79072 20928 07217 27945 | 18 
72075 92975 79100 20900 07024 27925 | 17 
72096 92968 79128 20872 07932 27924 | 16 
72116 92960 79156 20844 07040 27884 I; 
72137 | 92952 | 79185 20875 07048 27863 | 14 
72157 92944 79213 20787 07056 27843 I? 
72177 92936 79241 20759 07064 27823 | 12 
72198 92929 22262 20731 07071 27802 | 128 
9. 72218 9.92921 9 79297 10. 20703 19. 07079 10.277382 10 
72238 92913 79326 20674 07087 27761 9 
72259 ä 92905 79354 20046 07095 27741 8 
72279 92897 79332 20618 07103 27721 7 
72299 92839 79410 20590 o irt 27701 6 
72320 92881 75438 20562 07119 27680 5 
72349 | 92874 | 79466 20534 07126 27660 | 4 
72360 92866 79495 20 50 07134 27640 3 
72381 [92858 | 79523 20477 07142 27619 | 2 
72401 | g2850 | 79551 20449 07150 2759 I 
72421 92842 7957 20421 07158 27579 o 
Ce-fine. ] Sine. Co-tang. Tangent. Co- ſecant Secant. M. 
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58 Degrees. 
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TaprtV. Of ARTIFICIAL Sincs, T angents, and Secants. 32 Degs, 


57 Legrees, 


M Sine. Co- ſine. Tangent. Co-tang. | Secant. {Co-ſecant! | 
o [9.72421 [9.92842 [9.71579 10. 20421 10.0% 158 j10.27579 | 60 
I 72441 92834 79607 20393 ©7166 27559 59 
2 | 72461 92326 79635 20365 07174 27539 | 58 
3 | 72482 92818 79663 20337 07182 2751857 
4 72502 92810 77591 20309 07190 | 27498 56 | 
If 72522 92803 79719 20281 C7 197 27473 55 
6 | 72542 92795 79747 20253 07205 27453 | 54 
7 | 72562 92787 79776 20224 07213 27435 53 
$ 72582 92779 79804 20196 07221 27418 52 
9 72602 02771 79832 20168 07229 27398 | 51 
10 9. 72622 [9.927603 [3.79560 10. 20140 [10.07237 10. 27378 7 
111 72643 92755 79888 20112 07245 27357 | 49 | 
12 | 72663 | 92747 | 79916 22034 07253 27337 48 
13 | 72683 92739 79944 20056 07261 27317 | 47 | 
14 | 72703 9273k 79972 20028 07269 27297 46 
15 742723 9272 80000 20000 07277 27277 | 45 
16 | 72743 | 92715 | 80028 } 19972 7285 27257 | 44 
7 | 72763 92707 $0056 19944 07293 27237 | 43 
18 72793 92699 80084 19916 07301 27217 2 
19 72803 92591 80112 10888 074309 27197 | 41 
20 9.72823 9.92083 9.80140 10. 19800 10. 07317 10.2777 | 40 
21 72843 92675 80168 19832 07325 27157 39 
22 | 72863 | 92667 | $0135 19305 07333 27137 | 33 
23 72883 926 59 80223 19778 07341 27117 37 
24 72902 92651 80251 19749 57349 27098 | 36 
2 72922 926043 80279 19721 07357 27078 35 
26 72942 92635 80307 | 19693 07365 27058 | 34 
27 | 72962 92627 80335 19605 07373 27038 33 
28 72982 92619 80363 19637 07381 27018 32 | 
| 29 | 73002 92611 8032 19609 07389 26998 37 
30 9. 73022 0.92603 0. 80419 10. 19581 10.0397 10. 20%%8 30 
31 73041 | 92595 50447 13553 27495, | 26959 | 29 
32 | 73061 92537 80474 19526 07413 26939 28 
33 | 73081 92579 80502 19495 07441 |, 26919 | 27 
34 | 73101 92571 80539 19470 07429 26899 | 26 
35 | 73121 92563 80555 19442 07437 26879 | 25 
36 | 73140 92556 80585 19414 07445 26860 | 24 
37 | 73160 92546 $0514. 19386 07454 26840 | 23 
33 | 73180 92538 88642 19358 07462 26820 | 22 
37 73200 92530 $0659 19331 £7470 26800 21 
40 [9.73219 »92522 9.85097 10. 19303 [19.07470 110. 206781 20 || 
41 3239 | 92514 | $0725 19275 07486 26761 | 19 
42 73259 92506 80753 19277 07494 26741 18 
43 73278 92498 30781 | 19219 ©7502 26722 17 
44 | 73298 92490 | 80808 19192 ©7510 26702 | 16 
45 | 73318 92482 | 80836 19164 07518 266382 | 15 
46 | 73337 92473 80864 19136 07527 26663 | 14 || 
7 | 73357 | 92465 } 80892 19109 07535 26643 | 13 
43. 73377 924.57 80919 19081 07 543 26623 | 12 
4) 7:396 924.49 80947 19053 07581 26604 114 
50 c 73416 9.92441 9. 80975 10. 19025 f. 07559 10.206584 | 10 
31 73435 | 92433 | $1003 | 18997 07507 26565 | 9 
2 | 73455 92425 $1030 18970 07575 26545 $ 
$3 | 73474 .| 92416 $1955 18942 07 584 26526 | 7 
$4 | 73434 -|- 92408 81086 ] 18914 07592 26506 6 
73 92400 81113 18887 076500 26487 5 
55 | 73533 2392 81141 18859 07608 26467 4 
57 73552 92384 81169 18831 o7616 | 26448 3 
58 73572 92376 81196 18804 07624 26428 2 
59 | 73591 92367 $1224 18776 07633 2.6409 [ 
60 | 73611 92359 81252 18748 07641 26389 o \| 
1 F mon 1 .. — 8 
Co-fine,' Sine. 1 Co- ſecant! Secant. — 
— — — 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 33 Degs. 
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56 Degrees. 


Sine. Co- ſine. Tangent. Co-tang. | Secant. Co- ſecant 
— - — — — — — — — 2 
9.72611 9.92359 9.81252 f. 18748 10. 07641 10. 26389 60 

73639 92351 | $1279 | | 18721 07649 26370 | 59 

73050 92343 81307 18693 07657 26350 58 

73669 92334 81335 18665 07666 26331 57 

73689 92326 81362 18638 0767 26311 56 

73708 92318 81390 18610 ©7632 26292 55 

73727 92310 81417 13582 07690 26273 | 54 

73747 | 92302 | $1445 13555 07698 26253 | 53 

73766 92293 81473 18 527 07707 26234 | 52 

73785 92235 81500 18500 C7715 26215 51 

. 73205 9.92277 9.81528 10. 18472 10.907723 10. 26195 7 

7382 92269 81556 18444 07731 26176 | 45 

73843 92260 $1583 13417 07740 26157 48 

73863 92252 $1611 18389 07748 26137 | 47 

73882 92244 81638 18362 07756 26118 | 46 

73901 92235 $1666 18334 07765 26099 45 

7394½⁴ 92227 81693 18307 07773 26079 44 

73940 92219 81721 | 18279 07781 26060 | 43 

73959 92211 81748 18252 07789 | 26041 42 

75978 92202 81776 18224 07798 26022 | ,41 
9.73997 9.92194 81803 10. 18197 10. 07806 10. 26002 40 

74017 92186 81831 | 18169 07814 25933 | 39 

74036 92177 81858 18142 07823 25964 | 38 

74055 | 92169 | $1886 13714 | 07831 25945 | 37 

74974 | 92161 [81913 18087 7839 25926 | 36 

74093 92152 81941 18059 07848 25907 35 

74112 92144 81968 18032 07856 25887 34 

74132 | 92136 | $1995 18004 07864 25868 | 33 

74151 92127 82023 17977 07873 25849 2 

74170 92119 82051 17949 97881 25820 | 31 

74189 9.92111 9 82078 IO. 17922 10.07889 190.25811 30 

74208 92102 82106 17894 07898 25792 | 29 

74227 92094 $2133 17867 07906 25773 | 38 

74246 92086 $2161 17839 07914 25754 | 37 

74265 | 92077 82188 17812 07923 25735 26 

74284 92069 82215 17784 897931 25716 25 

74323 9200 82243 17757 07940 25697 | 24 

743232 92052 82270 17730 07948 25678 23 

74341 92044 82298 | 27702 07956 25659 22 

24360 9203 $2325 17675 97965 25649 | 21 
9.74379 9.92027 0.82352 [10.17648 10. 073 fo. 25621 | 20 

74398 929018 82380 17620 07982 25602 | 19 

74417 92010 82407 17593 07990 25583 13 

74436 92002 $2434 17565 07998 25564 | 17 

74453 91993 $2462 17535 08097 25545 | 16 

74474 91985 82489 17511 08015 25526 | 15 

74433 91976 82517 17483 05024 25507 I4 

74512 91968 82544 17456 080 32 25488 | 13 

74531 | 91959 82577 07426. } - Og 25469 12 

74549 91951 82 599 17401 03049 25451 11 
9.74558 9.97942 9.82626 10.1734 40. 00058 10.255432 10 | 

74537 | 91934 | $2653 7347 03066 25413 | 9 

74606 91925 $2681 17319 o8o7 5 25394 8 

7462 5 91917 82708 17292 08083 25375 7 

74644 91908 82735 17265 | 8092 25356 6 

74662 91900 82762 17238 08100 25338 5 

74681 91891 82799 17210 08109 25319 4 

74700 91883 82817 17133 08117 25300 3 

74719 91874 82844 17156 03126 25281 2 

74737 91866 82871 17129 08134 25263 I 

74756 91857 82899 17103 [08143 2.52.44 0 
Co-ſine.] Sine. Pon ee Co- ſecanti Secant. | M. 
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TasLE V. Of anTIrICrAL Sines, Tangents, and Secants. 34 Degs, 


| Co- fine. Tangent. Co-tang. | Secant. Co-ſecant, 
449. 74 56 9.91857 9.82899 [15 17101 10. 08143 10. 25244 60 
1 74775 91849 82926 17074 28131 25225 59 | 
2 | 74794 91840 82953 17047 08160 25206 | 58 
2 74812 91832 8248 17020 08168 25188 57 
4 | 74831 91823 83008 16992 08177 25169 ⁴ 66 
5 | 74850 91815 83035 16965 08185 2515: 55 
6 | 74868 91806 85062 16938 08194 25132 54 
= | 74887 91793 83089 16911 08222 25113 | 653 
$ | 74906 01789 £3116 16883 O8211 25094 2 
91 74924 91780 83144 168 56 o82 19 25076 | 51 
10 [9.74943 19-91772 $3171 0. 16829 [10.08228 10. 25057 ¼ 5 
111 74961 91753 83198 16802 08237 25039 | 49 
12 74980 12755 83225 16775 08245 25020 48 
131 74999 91746 83252 1674 8254 2501 | 47 
14 | 75017 91738 83279 16720 08262 24983 46 
is | 75036 91729 83307 16693 88271 24964 | 4; 
16 75054 91720 83334 16666 08280 24946 | 44 
17 | 75073 91712 3361 16639 08238 24927 | 4; 
18 | 750g1 91703 83388 16612 ©8297 24909 | 42 
19 | 75110 _91694 85415 16585 | 08305 21890 | a1 
20 [9.75123 9.97686 24 10. 16558 10. 08314 [1.24872 "46 
21 75147 | 91677" | 83470 16530 08323 24353 | 29 
22 | 75165 | 91668 | $3497 16503 08331 24835 | 33 
23 751841 | 91660 | $3524 16476 08540 24316 | 37 | 
24 75202 91651 [83557 16449 08 349 24798 | 56 
25 | 75221 91643 83578 16422 08357 24779 | 35 
26 | 75239 91624 83405 1639 08366 24761 | 34 | 
27 | 75233 91625 | $3632 1636 08375 24742 | 33 
28 | 7527 91617 83659 1634.1 03383 24724 | 32 
29 | 75294 91605 $3686 15214 08392 24706 31 
30 9.75313 9.915% [9.53713 10. 16287 10. 08401 10. 24687 wry 
31 75331 91591 53740 16260 ©8409 24669 | 29 
32 | 75349 91582 83767 16232 03418 24650 | 28 
33 | 75368 | 91573 | $3795 16205 8427 24632 2 
34 75350 91565 83822 16178 08435 24614 26 
35 | 75495 | 91559 83849 16151 05444 24595 | 25 
36 | 75423 | 51547 [33876 16124 8453 24577 | 24 
37 | 75441 | 91535 83903 16597 08462 24559 | 23 
38 | 75459 91530 $3930 16970 08470 24541 | 22 
39 | 75478 2121 | $3957 | 26043 | 08479 24522 | 21 
40 [9.75496 9.91512 [9.8394 10. 16016 [10.08488 10. 24504 20 
41 | 75514 91503 84011 15989 08496 24486 | 19 
2 | 75533 91495 $4038 I5962 o8505 24467 | 13 
43 | 75551 | 914%6 | 84065 15935 03514 24449 | 17 
44 | 75569 | 9147 84092 15508 08523 24431 | 16 
45 75587 91468 $4119 15881 o8531 24413 | 15 
46 | 75605 | 91469 | 34146 15354 08540 24395 | 14 
47 | 75624 | gi45r | 84173 15827 08549 24376 | 13 
48 | 75642 91442 | $4200 15800 o8558 24353 | 12 
| 49 75660 | 91433 _ 84227 15773, o8567 24349 1 
50 (9.75678 [9.91425 [9.84254 [10.15746 [10.08575 [10.24322 | 10 
51 75696 91416 24280 15729 08 584 24304 9 
52 75714 91407 84307 15693 8593 2428 6 8 
531 75732 91398 $4334 15666 08602 24267 ? 
54+ | 75751 91389 84361 15639 08611 24249 6 
5575709 91381 84388 15612 — 24231 5 
56 | 75787 | 91372 | $4415 15585 0862 24213 | 4 
&7 | 75805 | 91363 +442 15558 08637 24195 | 3 
53 | 75323 | 91354 | $4459 15531 08646 24177 | 2 
59 | 75341 | 91345 | $4496 15504 8655 24159 | 1 
6o | 75859 91336 84523 15477 08664 22141 0 
Co-fine. | Sine. Co- tang. Tangent. Co- ſecant] Secant. M. 
— —— I Ent Ce: Bye”. — — ——— —-—¾ 


55 Degrees. 
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54 Degrees. 


— 


— — AM Las 4 


—_— 


— 


M.] Sine. Tangent] Co-tang, | S-caat. Co- ; 
—— —— — — — 3 — — — — 
o 9.75859 9.91336 [9.384523 0.15477 v1 bo 
11 75377 91928 84550 15450 08672 50 
2 73895 | 91319 | 54579 15424 09631 — 2 
q | 75913 91310 84603 15397 G89 24087 57 
4 | 75931 [9130 | 34630 15370 08799 24069 56 
9 75949 91292 24657 15347 ©5798 24051 | 55 
6 | 75967 91283 84684 1531 08717 24033 54 
7 75985 91274 $4711 15289 08726 24015 53 
$ 76003 91267 84738 15262 28724 23997 22 
9 76021 91257 $4764 15235 | 05:43 |__ 23979 | $4 
To 9 75639 |9-91248 9.8479 10. 15200 [10.08752 3r | Go 
111 76057 91229 84818 15182 08761 23943 9 
12 | 76075 | 91239 [845845 15155 08770 23925 | 48 
13 | 76093 91221 84872 15128 88779 23907 | 47 
14 76111 91212 84339 15101 08788 23889 46 | 
15 | 76129 91203 $4925 15075 ©8797 23371 45 
16 | 75146 91194 [. 34952 15048 03806 23954 44 
17 | 76164 91185 84979 15921 08815 2383 43 
18 76182 91176 $5006 14994 08824 23818 | 42 
19 | 76200 | 91167 _ $5033 14967 o8833 23800 | 41 
"20 9.76218 9.91158 9. 8509 10. 14941 j10.c38842 10. 23782 45 
2176226 91149 85086 14914 08851 23704 | 39 
22 | 76253 91141 85113 14887 088 59 23747 | 38 
23 | 76271 91132 $5140 14860 08868 23729 ⁴ 37 
24 76289 91123 $5166 14834 03877 23711 36 
25 | 76307 91114 85193 14807 08886 23693 35 
26 76324 91105 $5220 14780 o8895 23676 | 34 
27 | 76342 91096 85247 14753 ©8904. 23658 | 33 
2 76360 91087 8527 14727 08913 23640 | 32 
29 | 76378 91078 $5300 14700 c $8922 23622 | 31 © 
30 [9.76395 „ 9.91069 [9.35327 [10.14673 [1.08931 10. 23605 | 30 
31 | 76413 91090 | $5354 14646 0854.0 235387 | 29 
32 | 76431 91051 | $5359 14620 oB949 23569 | 28 
33| 764438 | 91042 | 55407 14593 08958 23552 2 
34 | 76466 91034 | $5434 14566 08966 23534 | 26 
35 | 76484 | 91023 | 35460 14540 08977 23516 | 2 
36 | 76501 | 91014 | $5487 14513 08987 23499 | 24 
37 | 76519 | 91005 | 85514 14486 8995 2348123 
38 76537 | 92996 | 35540 14460 09004 23453 | 22 
39 | _79554 9987 | B5567 14433 09013 23446 | 21. 
40 9.76572 9.90978 95 55 5% 10. 1440 10. % 2 ft 23428 | 20 
41 | 70590 90969 $5620 14380 09031 23410 | Ig 
42 | 76607 90960 | 35647 14353 09340 23393 | 18 
43 | 76625 90951 8567 14326 03249 23375 | 17 
44 76642 90942 85 14300 09058 23358 16 
45 76660 90933 $5727 14273 09067 23342 | 15 
46 | 76677 90924 | $5754 14246 09076 23323 | 14 
7 | 76695 90915 85780 14220 ogo8 5 23395 13 
483 76712 90905 $5807 14193 09095 2328 12 
49 25730 90896 85834 14166 89104 23270 | 11 
50 [9.76747 9.90887 [9.85860 [10.14140 1.09113 10. 23253 | 10 
51 | 76765 90878 85887 14113 09122 2323 

52 | 76782 90869 85913 14087 09131 2321 

53 | 76800 90860 85940 4060 09140 2.3200 7 
54 | 76817 90851 85967 14033 09149 23183 6 
55 | 76835 90842 85993 14007 o9158 23165 5 
56 | 76852 90832 86020 13980 09168 23148 4 
57 76870 90823 $6046 13954 09177 23130 3 
53 | 76387 90814 86073 13927 09186 23113 2 
53 76904 90805 86100 13900 09195 23096 I 
bo | 76922 90796 $6126 13874 09204 23078 © 

Co-ſine. Sine. |Co-tang.' Tangent. |Co-ſecant| Secant. 


TARLE V. Of arTIFICIAL Sines, Tangents, and Secants. 36 Degs; 


— — — 


M. | Sine. Co- fine. Tangent. Co-tang. | Sccant. Co- pms Wi 
o [9.76922 0. - 40946 9.86126 [10.13874 |10.09204 [10.23078 | 
1| 76939 | go787 | $6153 13947 ©9213 23061 | +, 
2 | 76957 90777 86479 13821 09223 23043 | 88 
3 | 76974 90768 86206 13794 09232 23026 | 57 
4 | 75991 90759 86222 13768 09241 23009 55 
5 | 77009 90750 862 69 13741 ©9250 22991 T 
6-| 77026 90741 $6285 13715 09259 22974 84 
7 | 77043 90731 86312 13688 09269 22957 | 5741 
8 77061 90722 86338 13662 09278 22939 22 
9 77078 90713 8636 5 13635 09287 2:2 J 73 
1c [9.77295 [9.90704 [9.86392 [10.13:08 10.0% 6 f. 2 9% | «© 
11 77112 90694 86418 13582 ©9306 22858 | 
iz 77130 90685 86445 13555 09315 22870 | 48 | 
13 | 77147 | 90676 80471 13529 094324 22853 47 
14 77164 9 667 86498 13502 00334 22336 36 
15 77181 90657 86524 13476 09343 22319 | * 
16 | 77199 | gc648 | 86551 13449 09352 223501 | 44 
17 | 77216 90039 $6577 13423 09301 22784 47 
18 | 77233 92630 86603 13397 09370 22767 | 42 
19 77250 90620 86630 133,0 ©9330 22750 | 41 
20 [9.77268 9-90611 9.86655 1013344 10.993859 10.22 2 2 
21 77285 90602 86683 13317 05398 [ 23715 | 31 
22 | 77392 | 90592 86709 13291 09408 22608 38 
23 | 77319 90583 86730 13264 09417 22631 37 
24 | 77336 99574 86762 13238 09426 22664 | 
25 | 77353 | 90565 | $6739 13211 99435 22647 35 
26 [ 77370 | 90555 | 3 875 13185 09445 | 22639 | 34 
27 | 77387 90546 86342 13158 09454 22613 | 33 
238 77405 98537 86868 13132 09461 22395 | 32 
29 | 77422 | 90527 86894 13106 09473 32378 | ;1 
"30 [9-77439 9.958 [9.56921 [10.13079 j10,09452 10. 225% | 50 
31 | 77456 | 90599 | 86947 13053 09491 22544 | 29 
32 | 77473 | 90499 | 86974 13026 | oggor 22527 | 28 
33 | 77490 90490 87000 13000 09510 22510. | 27 | 
34 | 77507 90480 $7027 12973 09520 22493 | 26 
35 77524 90471 87053 12947 09 529 22476 | 25 
36 | 77541 [9046287079 12921 09535 22453 | 24 
37 | 77558 90453 87106 12894 09543 22442 | 273 
3877575 | 90443 87132 12868 09557 22425 | 22 
39 77592 230434 87158 12342 09 566 22408 (21 
40 9.77609 J+ 90424 [9 87185 10.128005 10. 09570 10. 223901 10 
41 | 77626 9041 5 $7211 12789 | og585 23374 - | 19 
| 42 | 77643 | 99405 | $7238 12762 | 09595 22357 | 18 
43 | 77660 90396 87264 12736 9604 | 22340 | 17 
44 77677 99335 87290 12710 09613 22324 | 16 
l 45 | 77694 90377 87317 12683 09623 22306 | 15 
46 77711 90365 $7343 12657 09632 22289 14 
47 | 77727 | 99358 87369 12631 09642 22272 | 1} 
48 | 77744 90349 87396 12604 | 09651 22256 | 12 
| 49 |_77761_ | 99339 | 87422 12578 [09697 oaks BB ul. 
50 [9.77778 9. 90330 9.87448 10. 12552 10. 0967 10, 22222 10 
51 77795 90320 87475 12525 09630 22205 9 
52 | 77812 90311 87 50 12499 096389 22188 8 
5377829 90301 87527 12473 09699 22171 7 
| 54 | 77846 90292 87554 12446 09708 22154 6 
55. | 77862 90282 $7 580 12420 097 i8 22138 5 
56 | 77879 90273 $76c6 12394 09727 22121 4 
| 57 4 77896 90263 87633 12367 09737 22104 3 
58 | 77913 90254 87659 12341 09746 22087 2 
59 77930 90244 8768 5 12315 09756 22 70 I 
60 | 77946 90235 87711 12289 09765 22054 0 
Co-ſine. Sine. Co-tang. Tangent. 'Co-ſecant! Secant. M. 


53 Degrees. 


Tape V. Of ARTIFICIAL Sines, Tangents, and Secants. 35 Degs. 


8. 
NM. Sine. |Co-fine. Tangent Co-tang. | Secant. |Co-tecani, 
| comms — — TOP ͤ9—1ũ—P a www a — — 8 —— 
| 0 9.77946 9.90235 9.87711 10 12289 to. 09765 o. 22054 60 
11 77963 90225 | 87738 12262 £9775 22037 | 59 
2 | 77980 992216 $7764 112236 09734 22020 | 58 
3 77997 90206 87790 12210 09794 22003 | 57 
| 4 | 78013 90197 87817 12183 09 803 21987 56 
| 5 78030 90187 87843 12157 09813 21970 55 
| 6 78047 90178 87869 12131 09822 21953 | 54 
7 | 78063 90168 87895 12105 09832 21937 | 53 
| 8 | 78080 90159 87922 12078 0984.1 21926 | 52 
| g | 78097 90149 $5948 12052 o 8er 21.03 | 81 
* J 78113 9.90139 9 87974 10. 12020 10 0980 19.213887 3e 
| 11 78130 90130 88000 12000 87 21870 49 
| 12 78147 90120 88027 11973 cg8%0 21853 | 43 
| 13 78163 90111 $8053 11947 9889 21837 47 
| 14 78180 90101 88079 11921 cg899 21820 46 
| 15 | 78197 900g 1 88105 1189; | 09909 21803 | 45 | 
16 | 78213 90082 $8131 11869 09918 21787 | 44 
| 17 7823 ) 90072 88158 1 1842 09928 21770 43 
| 18 78246 90063 88184 11516 09937 21754 | 42 
| 19 78263 90053 88210 11790 | 0994.” 21737 41 
| %o 9.78280 9.90043 [9.88236 |1G.11764 10,0957 1.21720 40 
| 21 78296 90034 88262 11738 09966 21704 | 39 
| 22 | 78313 y0024 88289 11711 09976 21687 | 38 
23 | 73329 90014 88315 11685 09986 21671 | 37 
24 78346 90005 88341 11659 09995 21674 36 
25 78302 89995 88367 11633 10005 21638 | 35 
26 | 73379 $9985 88393 11607 10015 21621 34 
2778395 89976 88420 11580 10024 21605 | 33 
23-| 78412 89966 88446 11554 10034 2158832 
| 8 29 78428 89956 88472 1255988 10044 21572 | 31 
"5 5775 9.89947 [9.88498 110.11502 [1.10053 [I0.21555 30 
41 | 78461 89937 88524 11476 10063 21539 | 29 
3278478 89927 88550 11450 10073 21522 | 28 
33 | 73494 89917 88576 11424 10082 21506 | 27 
34 | 75510 $9908 886 3 11397 10092 21490 26 
35 78527 89898 88629 11371 10102 21473 25 
16 | 75543 89888 88655 11345 10112 21457 24 
37 | 73560 89879 $8651 11319 10121 21440 | 23 
38 | 78576 89869 88707 11293 10131 21424 | 22 
37 | 75592 89859 88733 11267 10141 21408 | 21 
70 3.78509 9.89849 5.88759 10. 11241 10. 10151 0.21391 | 20 
| 41 | 78625 87840 88786 11214 10160 21375 | 19 
| 42 78642 89830 88812 11188 10170 21358 13 
43 | 78658 89820 88858 11162 10180 21342 | 17 
44 | 73674 89810 88864 11136 10190 21326 | 16 
| 45 | 73691 89801 88890 11110 10199 21309 ⁴ 15 
46 | 78707 89791 $8916 11084 10209 21293 | 14 
47 | 78723 89781 88942 11058 10219 21277 | 13 
| 48 | 78739 89771 $8968 11032 10229 21261 12 
| 49 | 78756 89761 238994 11006 10239 2124. 1 
| 50 3.78772 5. 89752 9. 8,0 |10.10380 10.0248 10 21228 | 10 
| 61 | 78788 89742 89046 10954 19258 21212 9 
62 | 78805 89732 89073 10927 10268 21195 
563 | 7827 89722 89099 10301 10278 21179 7 
541 78837 89712 $9125 10875 10238 21163 6 
56 78853 $97c2 $9151 10849 10298 21147 5 
56 | 788g 89693 89177 10823 10107 21131 4 
537 | 78886 89683 89203 10797 10317 21114 3 
58 78902 $9673. | $9229 10771 10327 21098 2 
59 78918 89663 $3255 10745 10337 21082 I 
bo 78934 89653 84281 10719 10347 21066 © 
Co-fine.' Sine. Fa Tangent. |Co-ſecant| Secant. MI. 


52 Degrees, 


TABLE V. Of ART1FICIAL Sines, Tangents, and Secants. 38 Degs. 


M.] Sine. | Co-ſine. Langent. Co-tang. | Secant. een 
> 9.78934 89653 9.89281 10. 10719 10. 10347 10. 21066 60 
I 78950 $,643 8930 10693 10357 21050 | 59 
2 | 78967 89633 $9333 10667 10367 21033 | 58 
3 | 78983 89624 $9359 1 641 10376 21017 | 57 
4 | 78999 89614 $9385 10615 10386 21001 56 
8 79015 89604 89411 10589 19396 2098 5 | 55 
6 | 7903! [839524 | 39437 10563 10406 20969 | 54 
7 | 79047 89 584 89463 10537 10416 20953 | 53 
8 79063 89574 89489 10511 10426 20937 | 52 
g9 | 79079 | 39564 89515 10485 10436 20921 | 51 
10 9.79095 9.89554 9.59571 10. 10459 10. 10440 10. 20905 = 
11 79111 89544 89567 10433 10456 20889 | 49 
I2 | 79128 89534 | $9593 10407 10466 20872 | 48 
I3 79144 $9524 89619 10381 10476 20856 47 
1; 79160 89514 38964 5 10355 10456 20840 | 46 
15 79176 89504 89671 10329 10496 20824 | 45 
16 79192 89495 89697 10303 10505 20803 | 44 | 
I7 | 79208 89485 89723 10277 10515 20790243 
18 79224 394275 89749 10251 10525 20776 42 | 
Ig | 79249 | 89465 09773 10225 10535 j 20760 41 
20 [9.79256 (9.89455 a. 89801 10. 10199 [10.10545 1.20744 40 | 
21 79272 89445 89827 10173 10555 20723 39 
22 79288 89435 89353 10147 10565 20712 8 
23 79304 8942 5 59879 10121 10575 20696 ;7 | 
24+ | 79319 | 39415 39905 10095 10555 2068136 
25 79335 89405 39931 1-069 10595 20665 ac | 
26 | 79351 89395 *9957 10043 10605 20649 | 34 
27 | 79367 89385 89983 10017 10615 20633 33 
28 79383 89375 90Cco0g 09991 10625 20617 32 
tes 79399 89365 9003 5 ©9965 | 10626 20601 51 
30 9. 79415 [9.389354 [9.90060 10. 9939 10. 10646 10. 2055 30 
31 79431 89 344 99086 09914 106 56 20 569 | 29 
32 79447 89334 90112 09588 10666 20553 | 22 
33 | 79463 89324 90138 09862 10676 20537 | 27 
34+ | 79478 89314 90164 09836 10636 20522 | 26 
35 | 79494 89304 90190 0910 10696 20506 | 25 
36 79510 39294 90216 09784 10726 204909 24 
11032 79526 87284 90242 09755 10716 20474 | 23 
38 795642 87274 90268 09732 10726 20458 | 22 
gj_39 \_79555 | $9264 | $0294 09706 10736 20442 | 21 
114 9.79573 . 89254 9.90320 10. 09650 10.0746 10. 20427 20 
1141 79589 989244 950346 01654 10756 20411 | 19 
1142 79505 89233 90371 09529 10767 20395 | 18 
43 | "79621 [89223 | 90397 09603 10777 20379 | 17 
4- 79636 89213 90423 ©9577 16757 20364 | 16 
45 796 52 89203 50449 09551 10757 20345 | 15 
46 79665 89193 90475 99525 10807 25332 14 
| 47 79684 89133 59501 ©9447 10817 20316 13 
43 79699 89173 90627 09473 10827 20301 12 
095] 7977S $9162 90553 09447 10838 20255 1 
50 9.79731 9.89152 9.905% [10.c3422 10. 10845 8. 20269 | 19 
51 79746 89142 90604 ©9396 10858 20254 9 
52 79702 89132 98630 09370 10563 20235 8 
53 79778 89122 98656 09344 10878 20222 7 
54 73793 $9112 90682 09318 10888 20207 6 
55 79809 89101 950703 29292 10899 20191 5 
56 | 79825 $9091 90731 ©9265 10909 20175 4 
57 7984⁰ 89081 90759 09241 10919 20160 3 
58 79356 89071 90785 09215 18929 20144 2 
59 79872 85060 90811 09189 10940 20128 1 
bo | 79887 890 50 90837 09163 10950 20113 0 
| Co-fine.! Sine. Co-tang.] Tangent. 'Co-ſecant' Secant. 
—— —ñ - — — . 


51 Degrees. 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 39 Degs. 


8. 
. 'M. | Sine. Co- fine. Tangent. Co-iang. | Secant. |Co-tecant 
o [9.79887 [9.89050 9.90837 [19.09163 fo. 10950 10. 20113 Go 
I 79993 89040 90803 89137 10960 20097 59 * 
2 79918 89030 90889 09111 10970 20082 58 
31 79934 89020 90914 09086 10980 20866 57 
4 | 79959 $9009 90940 oO 10991 20050 56 
5 | 79995 88999 90966 09034 I 1001 20035 55 
6 | 79932 88989 90992 09008 11011 20019 54 
7 | 79996 88978 91018 08982 11022 20004 53 
8 80012 88968 91043 08957 11032 19988 52 
g | 80027 88958 91069 08531 11042 19973 51 
* 70 [9.80043 9 58948 9.91995 10. C8905 10.110552 10.19/57 "50 
11 | $0058 88937 91121 08879 11063 19342 | 49 
12 | $0074 88927 91147 08853 11073 19926 48 
13 80089 88917 91172 o8828 11083 19911 | 47 
14 80105 88906 91198 o8802 11094 19895 | 46 
15 | 82120 $8896 91224 08776 11104 19830 45 
| 16 80136 88886 91250 08750 11114 19564 4 
| 17 80151 88875 91276 08724 11125 19849 43 
| 181 80166 8886 91301 08699 11135 19334 42 
| 19 80182 88855 91327 08773 11145 19318 41 
20 [9.80197 9. 88844 9.91353 io. 0807 10. 11156 10. 19883 | 40 
21 | 30213 88834 91379 o8621 11166 19757 | 39 
22 | $0228 88824 91404 08 596 11176 19772 38 
| 23 80244 88813 91430 08570 11187 19756 37 
| 24 | 80259 88803 91456 ©3544 11197 19741 36 
| 25 80274 82793 91482 o8518 11207 19726 | 35 
26 80290 88782 91507 08493 11218 19710 | 34 
27 | 80305 88772 91533 08467 11228 1969 39 
28 80320 88761 91559 08441 11239 19650 | 32 
2 $0336 88751 91585 0841 5 11249 19664 F 
70 80351 [9.838741 [9.91610 [10.08;90 0. 11239 8.15649 30 
31 80366 88730 91636 88364 11270 19674 | 29 
42 80382 88720 91662 08338 11280 19613 | 28 
33 | 80397 88709 91688 08212 11291 19603 27 
34 | 80412 38699 91713 08287 11301 19585 26 
35 | $0428 88688 91739 08261 11312 19572 | 25 
36 | $0443 88678 91765 08235 11322 19557 24 
37 80458 82668 91791 o8209 11332 19542 23 
38 | $0473 88657 91816 08184 11343 1952 22 
39 80489 88647 21842 8158 11353 1 22 
40 9.80504 9.88636 91808 0.08132 10. 11364 fc. 19496 20 
41 $0519 88626 91893 O8 107 11374 19452 19 
42 | 80534 88615 91919 8081 11335 19466 | 18 
43 | $0550 | S3605 | 91945 8055 11395 19459 | 17 
44 | 80565 $8594 91971 o$8029 11406 19435 16 
45 80580 88584 91996 o8004 11416 196420 15 
| 45 8059 5 88573 92022 07978 11427 19405 14 
47 806 10 88 563 92028 07952 11437 19390 13 
43 $0625 88552 92073 07927 11448 19375 12 
40 80641 88 542 92099 0790 11458 13359 2 
50 9. 80656 5 58531 92125 0.07875 10. 11409 0. 19344 | 10 
51 | $0671 88521 92150 07850 11479 19329 9 
52 80686 88510 92176 07524 11490 19314 8 
| | 53 80701 88499 92202 07798 11501 19299 7 
54 30716 $3439 92227 07773 11511 19254 6 
55 | 8073r 88478 92253 07747 11522 19259 5 
66 | 80746 88468 92279 C7721 11532 192 54 4 
57 | 80762 $8457 92304 07696 11543 19238 3 
581 80777 88447 92330 07679 11553 19223 2 
59 80792 $34.36 92356 07644 11564 19203 I 
bo | 80807 88425 92381 07619 11575 19193 © 
Co-ſine.] Sine. Co-tang. Tangent. Co- ſecant Secant. M 


| 


Qq2 


50 Degrees. 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 40 Degs. 


NI. Sine. 1 Co-fine. Tangent. Co-tang, | Secant, | Co-lecant 
o [9.80807 9. 88425 9.92381 0.07619 10. 11575 10. 19193 69 
1 | 80822 88415 92407 07593 11585 1917859 
2 | 80837 | 83404 | 92433 07 567 11596 19163 | 53 
3 | 80852 88394 92458 07 542 11606 19148 57 
4 80877 88383 92484 07516 11617 19133 | 56 
5 |. 80882 88372 92510 07490 11628 19118 55 
680897 $8362 92535 07465 11638 19103 5, 
7 | 80912 88351 92561 07439 11649 19088 | 53 
$ | $0927 88340 92587 07413 11660 19073 52 
g | 8042 88330 92612 07388 11670 19058 51 
10 . 80957 9.88319 9.92638 10.07 302 10. 11681 1.19043 30 
11 80972 [ 88308 92663 07337 11692 19028 | 49 
12 80987 88298 92659 07311 11702 19013 48 
13 | $1002 88287 92715 07235 11713 18998 | 47 
| 24 81017 88276 92740 07250 11724 18983 | 46 
15 | 81032 85266 92766 07234 11734 18968 45 
16 | $1046 8825 5 92792 07208 11745 | 15954 | 44 
17 | 81061 88244 92517 07133 21756 | 25939 | 43 
18 | $1076 88234 992843 07157 11766 15924 | 42 
19 81091 88223 92868 07132 11777 18909 | 41 
20 9. 81106 9.88212 9.92894 10.0710 |10.11755 iO. 15594 40 
21 | 81121 88201 92920 07080 11799 183879 | 39 
22 | $1136 88191 92945 07055 11809 18864 38 
23811517 85180 92971 07029 11320 18849 | 37 
24 $1166 88169 92996 07004 11531 18834 | 36 
25 | 81150 88158 93022 06978 11842 18820 | 55 
26 | $1195 $5143 93048 069 52 11852 18805 | 34 
27 | $1210 88137 93073 06927 11863 [ 18790 ;; 
28 81225 88126 93099 06901 11874 18775 | 32 |þ 
29 | 31240 $8115 __ 93124 06876 11885 18760 31 || 
Je [9-81254 |9-831c5 9.93150 10. 05 10. 11895 [10.15746 | 3o 
31 | 81269 83094 93175 06825 11906 18731 | 29 
32 81284 88083 93201 06799 11917 | 18716 | 28 |} 
33 81299 88072 93227 06773 11928 ] 1215701 | 27 
34 | $1314 88061 93252 06748 31939 | 18686 26 || 
35 | $1328 [ 83050 93278 06722 11949 18672 | 25 
36 81343 88040 93303 06697 11960 18657 24 || 
37 $1358 88029 93329 06671 11971 18642 23 
38 81372 88018 93354 06646 11982 18628 22 
. 31387 83007 93330 06620 11993 18613 | 21 
40 0. 1402 9.87996 9.93406 100504 10. 12004 10. 18 595 10 
41 | 31417 | 57955 | 93431 0 569 12015 18533 | 19 || 
42 | 51431 87975 | 93457 ' 06543 12025 | 18569 | 18 
43 | 51446 87964 93432 ©6518 12036 ⁶ 18554 | 17 
44 | $1461 | 87953 | 93508 06492 12c47 18539 16 
45 | 81475 | 87942 | 93533 06467 12053 18525 | 15 | 
46 81490 $7931 93559 00441 12069 18510 14 
47 81505 87920 J 9354 06416 12080 18595 13 
48 | 31519 $7909 93610 06390 12091 18481 12 | 
49 | 81534 $7898 93635 06364 12102 18466 | 11 if 
50 [9.81549 9 8737 9.9300 10. 06339 10. 12113 10. 18451 10 
51 81563 87877 93687 06313 12123 18437 * 
52 81578 87866 93712 06288 12134 18422 8 || 
53 | 81592 87855 93738 06262 12145 18408 7 
54 | 81607 87844 93763 06237 12156 18393 6 
55 81622 87833 93789 06211 12167 18378 5 
56 81636 87822 93814 06186 12178 18364 4 
57 81651 87811 93840 06160 12159 18349 3 | 
58 | 81665 87800 93865 06135 12200 18335 2 
59 81680 87789 93891 06109 12211 18320 I 
60 | 81694 87778 93916 6084 12222 18306 0 
Co- ſine. Sine. Co-tang. Tangent. Co- ſecant! Secant. M. | 


49 Degrees, 
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TaRLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 41 Degs. 


Sine. Co-ſine. Tangent. Co-tang. | Secant. | Co- ſecant 
o 9.81694 9.87778 9.93916 flo. 6084 10. 12222 10. 18306 860 
1 $1709 87767 93942 06058 12233 18291 59 
2 | $1723 87756 | 93997 06033 12244 13277 58 
3 | $1738 87745 93993 ©6007 12255 18262 | 57 
4 | $1752 $7724 94018 05982 12266 18248 | 56 
5 | $n767 | $7723 | 94944 | 05956 12277 18233 | 55 
t $1781 87712 94069 05931 12288 18219 54 
7 | $1796 | 8770 | 94995 0590S 12299 13204 | 53 
$ | $1810 87690 94120 05380 12310 18190 | 52 
9 | $1825 $7679 94146 05S 54 12321 18175 | 58 
ne - 9.81839 9 87668 9.94171 10. 05829 12412332 10. 18161 50 
11 $1854 87657 94197 05803 12343 18146 | 49 
12 $1868 $7646 94222 05778 12354 18132 48 
13 | $1882 87635 94248 05752 12365 18118 | 47 
14 | $1897 87624 94273 05727 12376 18103 46 
15 | $1911 $7613 94299 ©5701 12387 18089 | 45 
16 | $1926 $7601 | 94324 05676 12399 18034 | 44 
17 | $1949 | 37590 | 94350 05650 12410 18060 | 43 
18 $1954 27578 94375 05625 12421 18046 | 42 
19 | $1969 $75 94401 05599 12432 18031 | ax 
20 |[9.81)83 9.87557 9.94426 |19.05574 (10. 12443 10 18017 | 40 
21 | $1998 87546 94452 05548 12454 18002 39 
22 | $2012 87535 94477 05523 12465 17988 | 38 
23 | $2026 $7524 94503 05497 12476 17974 | 37 
24 | $2041 $7513 94528 05472 12487 17959 36 
25 82055 87501 | 94554 05446 12499 17945 | 35 
26 82069 $7499 | 94579 05421 12510 17931 | 34 
27 82084 87479 94604 05396 12521 17916 33 
28 | $2098 87468 94630 05370 I2532 17902 | 32 
29 | 82112 87457 94655 05345 12543 17888 {1 
3 82126 9.87446 9.94681 10.5319 0.12554 10.417874 3 
31 | 82141 $7434 94706 05294 12566 17859 | 29 
32 | 22155 87423 | 94732 05268 12577 1784; | 28 
33 | $2169 $7412 94757 05243 12588 17831 | 2 
34 | $2184 87401 94783 05217 12599 17816 | 26 |: 
35 32198 87390 94808 05192 12610 17802 | 25 
36 | 82212 87378 94834 05166 12622 17788 | 24 
37 | $2226 | $7367 | 94859 5141 12633 17774 | 23 
38 82240 87356 94884 C5116 12644 17765 | 22 
39 32255 87345 94910 05090 12655 17745 | 21 
40 9.82269 9.87334 [9.94935 0. 055 10. 12666 10. 17731 | 20 
41 82283 87322 94961 05039 12678 17717 | 19 
42 | $2297 $7311 94986 C5014 12689 17703 | 18 
43 | 82311 87300 95012 04988 12700 17689 | 17 
44 $2326 87288 95037 04903 12711 17674 16 
45 82340 8727 95062 04938 12723 176609 | 15 [| 
46 | $2354 87266 95088 04912 12734 17646 | 14 
47"| $2368 | 87255 | g5113 04887 12745 17632 | 13 
4% 32382 $7243 95139 04861 12757 17618 | 12 
49 | $2396 87232 95164 04836 12768 17604 [11 
50 9.82410 9.87221 [9.95190 10. 04310 10. 12779 10.1759 | 10 
510 82424 87209 95215 04785 12791 17576 9 
52 | 82439 87198 95240 04760 12$02 17561 8 
53 32453 87187 95266 04734 12813 17547 7 
54 | $2467 | 37175 | 95297 04709 12825 17533 | 6 
55 | 82481 | $7164 95317 04683 12836 17519 5 
55 | 82495 | $7153 | 95342 04658 12847 17505 | 4 
57 | 82509 $7141 95368 04632 12859 17491 3 
58 82523 87130 95393 24607 12870 17477 2 
59 | 82537 87119 95418 04532 12881 17463 I 
60 | 82551 87107 95444 04556 12893 17449 0 
—— — 6 — — — — — — 
Co- ſine. Sine Co-tang. Tangent. Co- ſecant Secant. II. 


48 Degrees. 


TABLE V. Of AarTIFICIAL Sines, Tangents, and Secants, 4.2 Degs, 


. Sine. Co- ine. Tangent. Co-tang. Secant. 'Co-ſecant, 
o [9.82551 9.87107 [9.95444 [10.04556 10. 12893 jl0.17449 | bo 
I 82565 87096 95469 04531 129 4 17435 59 
2 | 32579 87055 95495 e505 12915 ©743T | 58 
3 | 82593 | $7073 | 95520 04450 12927 17407 5) 
4 | $2507 $7062 95545 04455 12933 17393 56 
5 82621 870 50 95571 04429 129 50 17379 55 
682635 87 39 95596 04404 12961 17365 54 
7 82649 87028 95621 04378 12973 17351 53 
8 82663 87017 95647 04353 12954 17337 ” 
9 $2677 $7005 95672 _ 04325 12995 17323 51 
10 [9.82791 [3.35993 [9.95698 10. 04302 10. 13007 10. 17309 50 
11 8270 5 86982 9572 04277 13018 17295 49 
12 82719 | 86970 | 95748 04252 13030 17281 | 48 
13] $2733 | 86959 | 95774 04226 13041 17267 | 47 
14 | $2747 | 36947 | 95799 C4201 13053 17253 | 46 
15 82761 86936 95825 C4175 13064 17239 | 45 
16 $2775 86924 95850 ©4150 13076 17226 | 44 
17 82788 86913 95875 04125 13087 17212 43 
18 82802 86902 95901 04099 13098 17198 42 
19 82818 86890 95926 04074 13110 17154 41 | 

20 [9.82830 9.86879 95952 [19.04045 10. 13121 [10.17170 407 

21 | 82844 86867 95977 04023 13133 17156 | 39 

22 | $2858 85855 96002 03998 13145 17142 | 38 

23 | $2872 86844 96028 03972 13156 17128 ⁴ 37 

24 | 82885 86832 96083 03947 13168 17115 | 26 

| 25 | 82899 86321 96078 03922 13179 17101 | 36 

26 | $2913 $6809 96104 03896 13191 17087 | 34 

27 | - 82927 $6798 96129 03571 13202 17073 | 33 

28 | $2941 $6786 96155 03845 13214 17059 2 

29 82955 86775 96180 03820 13225 17045 | 3r 

30 [9.32968 [9.386763 [9.96205 [10.03795 10. 13237 10. 17032 | 30 

fl 31 | 32932 86752 [96231 03769 13248 17018 | 29 

32 | 82996 86740 96256 03744 13265 17004 | 28 

33 | 83010 86728 96281 03719 13272 16990 | 27 

34 | $302 86717 96307 03693 13233 16977 | 26 

35 83037 | $6705 | 96332 03665 13295 16963 | 2 

36 | 83051 86694 | 96357 03643 13306 16949 24 

37 83065 86682 96383 03617 13318 16935 | 23 

38 $3078 86670 96408 03592 13330 16922, | 22 

39 | 83092 86659 96433 [. ©3567 - 13341 16908 | 21 

4o 9.83100 86647 96459 10. 03541 fl 13353 0. 16894 | 20 

41 | 83119 86635 96484 03516 13365 16880 | 19 

| 42 | $3133 86624 96510 03490 13376 16867 | 18 

43 | $3147 86612 96535 03465 13388 16553 | 17 

44 | $3161 86600 96560 03440 13400 16839 | 16 

45 | 83174 86589 96536 03414 13411 16326 1 5 

46 83188 86577 96611 03389 13423 16812 | 14 

47 | $3202 86565 96636 03364 13435 16798 13 

48 | $3215 86554 96662 03338 13446 16785 | 12 

49 | $3229 £6542 96637 03313 13458 16771 11 

50 9.83242 9.86530 96712 [10.03233 10. 13470 10. 16758 | 10 

51 | 83256 86518 96738 ©3262 13452 16744 9 

52 | $3270 | 86507 | 96763 03237 13493 16730 | 8 

53 83283 $6495 96755 03212 13505 19717 7 

54 | $3297 86483 96514 03186 13517 16703 b 

55 83310 86472 | . 96829 03161 13528 16690 5 

56 | 83324 86460 96264 03136 13540 16676 4 

67 83338 86448 96890 03110 13552 16662 3 

5$ 83351 | $6436 | 66915 03055 13564 16649 | 2 

59 83365 8642 5 96940 o 3060 13575 16635 I 

bo | 3337S 85413 96966 03034 13537 16622 0 

Co-ſine. Sine. Costang. r Secant. 


mm 


47 Degrees. 


. TABLE V. Of XRTIFICIAL Sines, Tangents, and Secants. 44 Degs. 


2 Sine. Co-ſine Tangent. Co-tang. | Secant. Co- ſecant 

o [9.84177 9.85693 9.98484 10. 01516 10. 1430% flo. 15823 60 
x | 8479085681 | 93509 01491 | 14319 15810 | 59 
2 84203 85669 | 95534 01466 14331 15797 | 58 
3 | 34216 | $5657 | 95550 01440 14343 15784 | 57 
4 | 384229 | 85545 | 95555 1415 14355 15771 | 56 
s | 84242 85632 98610 01390 14.308 15758 | 55 
6 | 84255 | $5620 | 95635 01365 14380 15745 | 54 
7 | 84263 $5603 98661 01339 14392 15731 53 
$ | $4282 85596 98686 61314 14404 15718 52 
g | 34295 | $5583 25717 1289 | 14417 15705 | 51 
10 [9.84308 [9.85571 [9.98737 0.01263 10. 14429 |10:15692 | 50 
11| 84321 85559 98762 01238 14441 15679 | 49 
12| 34334 | 55546 | 98737 1213 14454 15666 48 
13 | 84347 85534 98812 ©1188 14466 15653 7 
14 84360 35522 98838 01162 14478 15640 45 
18 84372 85510 98863 01137 14490 15627 45 
16 | 84385 $5497 [98888 01112 14503 15614 | 44 
17 84398 $5485 98913 01097 14515 15602 | 43 
18 | $4411 $5473 98939 01061 14527 15589 | 42 
19 | 84424 85460 98964 01036 | 14540 15576 | 41 
20 9.84437 9.85448 9.98989 [|190.01011 1. 14552 j10.15563 4 
21 84450 | $5436 | 99014 0098 5 14564 15559 | 39 
22 | $4463 $5423 99040 C0960 14577 15537 | 38 
23 84476 $5411 99065 00935 14589 15524 | 37 
24 | 84489 8529 99090 02910 14601 15511 36 
25 | $4502 85386 99116 co884 14514 15498 | 35 
26 | 84515 | $5374 99141 co859 1426 15485 | 34 
2 84528 85361 99166 00834 14639 15472 33 
28 | $4549 | $534 09191 00309 14651 15460 | 32 
29 | $4553 85337 99217 00783 14.663 15447 31 
30 9.84566 9.85324 9.99242 10. 00%5 10. 140% 10. 15434 | 30 
31 | $4579 85312 99267 20733 14633 15421 | 29 
32 | 84592 $5299 99293 00707 14701 15408 | 28 
33 | $4605 85287 99318 oo682 14713 15395 | 27 
34 | 84618 | 85274 | 99343 0657 14726 15332 | 26 
35 84630 85262 99398 ⁵ 00632 14738 15370 [25 
3684643 | $5250 | 93394 60686 14750 15357 | 24 
37 84656 85237 99419 00581 14763 15344 | 23 
38 | 84669 $5225 99444 00556 14775 15331 22 
39 | 84622 85212 99469 00531 14748 15318 | 21 
40 [9.84694 . 85200 [9.99495 (10.c0505 fi. 1470 0. 15306 | 20 
41 84707 35187 99520 00480 14813 15293 | 19 
42 | 84720 85175 99545 00455 142 5 15280 18 
43 | 84733 85162 99570 004.30 14538 15267 17 
44 84745 | 85150 | 99596 | 00404 14550 15255 16 
45 84758 $5137 99021 02379 14363 15242 15 
46 84771 $5125 99646 00354 14375 15229 | 14 
47 | 84784 85112 99672 | 00325 14888 15216 13 
43 84796 $5200 99697 00303 14900 15204 | 12 
49 84809 85057 99722 | 00278 14913 15191 
50 9.84522 9.850% [9.99747 0. 00253 10. 14926 10. 15128 | 10 
51 | 84834 $5062 99773 00227 14938 15166 9 
2 | 84847 85049 99798 ©0202 14951 15153 8 
53 84860 85037 99823 00177 14963 15140 7 
54 | 34873 $5024 | 99348 00152 14976 15127 6 
55 | 54885 85012 99374 00126 14988 15715 5 
56 | 84898 84999 99899 O0 101 15001 15102 4 
57 | $4911 | $4956 | 99924 00076 15014 15089 | 3 
58 | $4923 $4974 99949 ocogl 15026 15077 2 
59 84936 $4961 99975 00025 15039 15064 I 
bo | 84948 $4943 [10.0000 [10.00090 15052 15051 © 

Co-fine.) Sine. Co-tang. Tangent. Co- ſecant Seca nt. IM. 


45 Degrees. 


TaprteV. Of arTIFiICIAL Sines, Tangents, and Secants. 43 Degs. 


M. Sine, [Co-ſine. Tangent. Co-tang. | Secant, |Co-ſecant' | 
o [9.83378 [9.86413 9.96966 10. 03034 10.13587 10. 166226 
3 | 83392 86401 96991 03009 13599 16608 | c, 
2 | 83405 986389 97016 02984 13611 16595 58 
3 33419 86377 97042 02958 13623 1658155 
4 83432 86366 97067 02933 13634 16568 | TY 
5s 33446 86354 97092 ©2908 13646 16554 5 | 
6 | $3459 86342 97118 02882 13658 16541 54 
7 | $3473 86330 97143 02857 13670 16527 | +5 
$ 83480 86318 97168 02832 13682 16513 a | 
g | 83500 $6306 97193 02897 13694 16500 | 7x 
To 9.83513 1 9.97219 10. 02781 10. 13705 0. 10487 Pn 
11 83527 86283 97244 02756 13717 16473 | 29 
12 8354 | $6271 | 97269 02731 15729 16400 548 
1383554 862 59 97294 02705 13741 16446 47 | 
14 | $3567 86247 97320 02680 13753 16433 46 
x5 | $3581 | $6235 | 97345 | 02655 13765 16479 | a; 
16 | $3594 | 86223 | 97371 02623 13777 16406 | 44 | 
17 $3607 86211 97396 02604 13789 16492 | 4; | 
18 | $3621 86200 97421 02579 13800 16379 42 
19 83634 86188 97447 02553 13812 16366 +1 
20 [9.83648 [9.86176 [9-97472 |10.02525 10. 13824 [10.16;:-: | 4 | 
21 83661 86164 97497 02503 13836 163359 * | 
22 83674 86152 97523 02477 13848 16326 | 8 
23 | 33688 86140 97548 02452 13800 16312 27 
24 } $3701 86128 97573 02427 13872 16299 16 
25 $3715 86116 97598 ©2402 13884 16285 35 
26 33728 86 104 97624 02376 13396 16272 34 
27 | $3741 $6092 97649 ©2351 13908 16259 | 52 
28 | 83755 86080 97674 02326 13920 16245 | 32 
29 | $3768 86068 972% | C©c2300.] 13932 162342 31 
30 9.33781 9.86056 9.97725 10. 02275 10. 13944 10 10419 30 
3133795 86044 97750 02250 13956 16205 | 24 
3233808 86032 97776 | 02224 13968 16192 28 
33 83821 86020 97801 02199 13980 16179 | 27 
34 | $3834 $6008 97826 02174 13992 16166 | 25 
35 | 83848 95996 97851 02149 14004 16152 | 25 
36 | $3861 $5984 97877 02123 14016 16139 | 2 
37 | 3387 $5972 97902 02098 14023 16126 | 23 
38 83887 $5960 97927 02073 14049 16113 | 22 
39 | $3901 | 35948 | 97953 02047 | . 14952 16099 | 21 
40 9.83914 [9-85936 9.97978 [10.02u22 10. 14004 10. 16086 20 
gr | 83927 | 35924 | 93003 01997 14076 16-73 | 19 
42 | $3940 85912 98029 O1971 14088 16000 | 18 
43 | 83954 85900 98054 01946 14100 16046 | 17 
44 833967 85888 98079 ©1991 14112 16033 16 
45 | 83980 85876 98104 01896 14124 16020 | 15 
46 | 83993 $5864 98130 01870 14136 16007 14 
47 | 84006 | 85851 98155 1845 14149 15994 | 13 
48 84020 85839 98180 01820 14161 15980 | 12 
49 | 84033 | $5827 | 98206 | 01794 14173 15967 | 11 
58 [9.384c46 9.85815 9.98231 [10.0176y 10. 14185 10. 15954 | 10 
51 84059 85803 98256 01744 14197 15941 9 
52 | 84072 85791 98281 01719 14209 15928 8 
53 | 84085 85779 93307 01693 14121 15915 7 
54 84098 85766 98332 01668 14234 15 O2 6 
55 84111 85754 98357 01643 14246 15888 5 
go | 84125 $5742 98383 | 01617 14258 15875 4 
87 | $4138 $5730 98408 C1592 14270 15862 3 
58 | 84rs1 85718 98433 01567 14282 15849 2 
59 84164 85706 98458 ©1542 14294 15336 11 
bo | 84177 | $5693 | 93484 01516 14307 15823 | ũ 0 
| Co-ſine. Sine. |Co-tang.|Tangent. Co- ſecant Secant. M. 
— EY ee hea —  _——— ———— 


46 Degrees, 


A TABLE for finding the o HOUR. 


17 


1 Elapl. 
Time. 
66121 
36018 
18409 
05916 
„96225 
88307 
81013 
75814 


50700 


— H 0 6 2» 


1.51980 
58208 


$4733 
31515 
43520 
43718 
43086 
40605 
38258 
36032 
1.33915 
31896 
29967 
28120 
26349 
24647 
23010 
21432 
19910 
18440 
1.17018 
15642 
14307 
13013 
11757 
10536 
09348 
08193 
07067 
B. e 
1.04901 
03357 
02838 
01843 
oo8 70 


0. 99918 


98988 
98077 
97184 
96310 
9.95454 
94614 
93791 
92982 
92189 
91471 
99646 
39594 


$9156 
88430 


65125 


Middle : 1 Elapſ. Middl 
Time. | Riſing. es — Time 
2.63982 9. 37654) 5 30 o. 87717 4 42386 
2 - 9408s 97860 68 oo 57015 43089 
3+ FL094 (0. 330795 30 86324 4377 
338780 77448 30 84976] 45127 
41796) 93284 oo | 84317] 45786 
45490 j1.06673 30 83669 46434 
8 18271 oo 83030 
$4259 7 393 47071 
59403 25502 39 | 82401| 47703 
63978 37653 oo 81780 48323 
r 30 3 4.48934 07 
718951 534 OO 3567 49536 
75570| 6044" 30 | 79973] «50130 
73588] 66877 oo 73871 50716 
—.— 3 30 2 $1294 
4395; 73474 20 79239 I 
$7017 83739 30 77077 one 
89498 $8703 oo 77122] 52981 
918451 93399 30 | 76574] 53529 
| 94071 97854 00 76933 54070 
3.96188 |2 02091 39 [9.75499 [4+ 54604 |3. 
98207 06131 O_ 74972 $5131 
. 99991 30 74451 55652 
01933] 13057 OO 73937] 5091 
03754] 17223 30 | 73429] 56674 
05456| 20638 00 | 72926] 57176 
07093| 23915 39 72430 57673 
08671] 27073 0 71940} 58163 
10193] 30120 30 714551 58648 
11663 33063 oo 70976] $9127 
+ 23085 * 30 0. 70503 aff 546% 
14461 | 35667 o 70034 oO. 
15796 41335 30 | 69571] 60532 
17290 | 43930 oo 69113] 60990 
18346 46447 30 686601 61443 
_— 2465 
20755 ? 3 700 3 
21910| 53586 00 67330] 62773 
23036 55841 30 66896] 63207 
24133 55939 | CO 6556486 636232 
3 5 
2024 7 . 
27265| 64316 30 65204] 64599 
28260 66312 oo | 64791]. 65312 
29233| 63202 30 64383] 65720 
30185 70170 oo 63973} 666125 
31115 72036 39 | 63578] 66525 
32026| 73363 co | 63181} 66922 
32919 75652 30 62789] 67314 
33793 7405 00 62400] 67703 
ca r 
og 
— 82461 zo 67254] 63849 
37121| 8408; oo 60879 69224 
37914 35675 30 60 5081. 69595 
38692 87238 oo 60140 69963 
39457 88773 30 59775] 70335 
40289 90282 O0 59414] 70689 
40947 91765 2 $9056 71047 
42673 93223 O0 5 700| 71493 | 


—— — — 


TazLE VI. For finding the Latitude by two Altitudes of the Sun. 


* 


— 


LATITUDE by two Altitudes. 1 HOUR. 
- Elapf. | Middle | ,,. Elavpſ. | Middle 
M. |S. [Fries | Time. Rigas M. |S. trim. | Time. | Ring. 
© | 30 {0.53348]14.7175513- 53959 30 | 39 [2.41488 +.88615 [4.88625 
x | oo | 57999] 721c4| 54670 31 | 00 | 41261] $8842| 39097 
14 30 576531 724500 55375 31 | 30 | 41036] 89007] 89567 
2 | 00 $7310] 72793] $6074 32 | oo 40812| 839291 90034 
2 | 39 56970] 731331 56767 32 | 30 | 40590] 89513] 90498 
3 | 00 | 56633] 73470] 57455 33 | 40368 $9734} 90960 
3 | 39 | 56295] 738050 55137 33 | 30 | 40149| B9954| 91420 
4 | 00 55966 741350 58814 34 | 09 39930] 90173 91876 
4630 | 55637] 74456; 5946 34 | 39 } 39713] 90390! 92331 
_$ | £9 55311] 74792] 60152 3510 39497} 90606 92782 
5 30 10. 549874 7511613.60813 35 | 30 fo. 392824. 9 8213.932232 
6 oo 546660 75437; 61469 36 | 00 39050] 91034] 93679 
6 | 10 $4347] 75759] 62120 36 | 30 28456 91247 94123 
7 | 00 | 540;1] 75072] 62766 37 | 00 38646 9457 94566 
7 | 39 | 53715] 75385] 63407 37 | 39 | 35436] 91667, sg; 
$ | oo | 53406] 76697] 64043 33 | 09 | 33227] 91876! 95443 
8 30 $3297 77035 64675 38 30 38020 9208 ? | 7 5878 
9100 $2791] 77312} 65302 39 | 00 378144 922829 56311 
9 | 39 | $2487] 77616] 65925 39 | 3® 376% 92494) 96742 
_1o foo | 52106} 77917] 65542 g9 | 00 | __ 37405] 92648] 97 i70 
10 | 30 fo. 515864.782173.5715⁵ 40 | 30 o. 372034. 92900 3.97 597 
114000 51589] 78514] 67765 41 | oo 37001] 93102 98021 
1130 512944] 78809] 68369 4130 | 365801} 93301[ 98443 
120 | 51002] 79101 68969 420 36602 93501 98362 
124 30 50711] 79332} 69566 42 | 30 36403 93700 | 99280 
130 | 50423 79680] 70158 43 | 00 | 36206] 93897 99696 
13 | 30 | $0137] 79966] 7074 43 | 30 | 36011| 94097 1. co109 
14 | oo | 49852| 80251 71325 44 | c9 | 35816| 94287 ocgzi 
I4 | 39 | 49570] $2533] 71999 44 | 39 35622 94481 0093c 
15 | 00 | 49290] 30813] 72485 45 | co 35429 94673 01337 
15 | 39 [9.49012{4. 8109113-73957 45 | 30 [0-3523814.94865 4.01743 
16 [oo | 48736] 31367] 73625 46 | co 35847 95056 ©2146 
16 30] 48462] 81641; 74189 46 | 30 | 34858] 95245 02547 
17 j oo | 48189] $1914] 74750 47 | co | 34669| 95434] 02947 
17 | 30 | 47919] 52184] 75397 47 | 30 34482 95621} ©3344 
18 | co | 47650] $2453] 75860 48 | 00 | 34295] 95808] 03745 
13 | 50 | 4733;| 82719] 76409 43 39% | 34110] 95993] C4134 
19 | co | 47119] 82984] 76955 49 | £0 | 33725] 961758] 04526 
19 | 30 | 46856] 83247] 77495 49 | 30 33742 96361] c4g16 
2 | 00 | 46595| $3508| 78037 _$o | 00 | 33559] 96544] 053c3 
20 | 30 [0.46335!4-$376813.78573 50 | 30 [0.33378/4.96725 |j4. 05540 
21 | oo 456078] S4025 79105 51 | co | 33197] 96906| 06074 
21 | 30 45822 84281[ 79034 13 23018] 97085 06457 
22 | 00 45567] 34536] 80155 5200] 32839 97264] 06838 
22 30 45315 84788] 8682 52 30 32661 97442 07217 
23 |] 00 | 45064} 35039] 81201 53 | 090 32485 97618] 07595 
23 | 39 | 44815] $5238] 81717 53 | 39 | 32309] 97794| 07970 
24 | 20 | 44567] 385536] 82230 54 | co 32134 97969| ©8344 
24 | 30 | 44321] 85782| $2739 54 30 | 31960| 98143 88716 
25 | oo | 44077] $6026| 83245 55 | 00 31787 98316 og0B7 
25 | 32 [D. 438344. 862693. 83749 55 | 30 0+31614 4.98439 4 09450 
26 [| 00 | 43592] 36511] 84250 56 | oo 31443 38665 09823 
26 | 30 | 43353] $6750] $4748 56 30 | 31272} 98831 10158 
27 | 00 | 43114] 36989] 85242 57 | co | 31103] 9ggoo 19552 | 
27 | 30 42878] 87225] 85734 57 | 39 30934 99169 10914 
28 00 42642] 87461| 36223 53 | 00 30760 99337 11275 
28 | 30 | 42409] 87694] $670, 53 | 30 30599 99504} 11674 
29 | 00 | 42176] 87927 | 3712 59 | oo | 30433] 9g9670| 11992 
29 | 30 41945] 38158 $7672 59 | 30] 30268 99335 12348 
30 00 417161 383387] 88150 bo | 00 30103 5. 00600 12702 


* _— 


ꝶ6— — 


A TABLE for finding the 2 HOURS, 


4 Elapſ, | Middle Ib lapf. | Middle 

M. | S. | Time. | Time. | Riſing. M. | S. | Time. | Time. 
© | 32 fo. 299395 00164 [4.13055 30 30 [0.21432 [5.08671 
Be. 00 29776 00327 13406 31100 21309 08794 
130 29614 C489] 13756 31 30 21187 08916 
200 | 29453] oobgo] 14104 2 | 00 | 21066] 09037 
2 | 39 | 29293} 0810 14451 32 | 30 | 20945] 09158 

3 | 2 | 29133] 00970] 14797 33 | co | 20824] 09279 

3 30 28974] 11291 15140 33 | 39 20704] 09399 

4 | 0 | 28346] o1287} 154%3 34 | eo 20585 oggro 

4 | 30 | 28659] 01444] 15824 34 | 30 | 20466} 09637 
_$ | 99 | 28502] % 60 [ 16163 35 } co. 20348] o 
5 | 30 10,28346[5-01757 [4.16501 35 | 30 PC. 202305. 09873 

6 | 00 | 28191] otgiz| 16838 36 | 09 | 20113] 09990 

6 | 30 | 28037] 02966 17173 36 3019996 10167 

7 OO 27884 ©2219 17507 37 00 19880 10223 
7130 27731] 02372] 17839 7 | 39 19764] 10339 

| 8 | 00 27579] ©2524] 18171 38 | 00 19648 10454 
$8 | 30 | 27425] 02675] 18500 38 | 30 | 19534] 10569 

9 | Oo 27277] 0252 18829 39 | 90 19420] 10683 

9 | 30 | 27127] 02976| 19156 39 | 39 | 19306] 10797 
10 | 00 26978] 3125 19482 40 | 00 19193 10910 

| 10 30 [0.26520 5.03275 4-198 6 40 30 9. 19080 5 11023 
110026682] 03421} 20129 41 | 090 | 15968] 11135 
11 | 30 | 26535] 03563] 20451 41 | 39 | 18857] 11246 
12 | oo | 26389] 03714} 20771 42 | co 18746 11357 
I2 30 26244] 385) 21091 423 | 18635] 11468 
13 | ©O | 26699] 04094] 21409 43 | co 185251 11578 

| 13 | 30 25055] O4148] 21725 43 | 39 | 18415] 11688 
1 14 | oo 25311] 04292] 22041 44 | 90 | 18306] 11797 
14 | 3o | 25668] 04435} 22355 44 | 39 | 18197] 119c6 
15 | © | 25526} 04577] 22668 45 [.. 18089] 12014 
15 | 30 [o.25385]5-c4715 [4.229%0 . 45 | 30 o 17981]5.12122 
16 | 00 | 25244) 24859] 23490 46 | 00 | 17374] 12229 
16 | 39 25104] 04999] 273599 46 | 30 | 17767] 12336 
17 | 0 | 24964} 5139 23907 47 | co | 17{(65] 12443 
17 | 39 | 24825] 05275} 24214 47 | 32 | 217554] 12549 
1$ | 00 | 24687} 05416] 24525 48 | co | 17449] 12654 
18 | 39 | 245; 05553] 24825 48 | 30 | 17344] 22759 
19 | 00 | 24412] 05690 25128 49 | 09 | 17239] 12864 
19 | 30 24277 053526] 25430 49 | 30 171351 12963 

2000 | 24141 ©5962] 25731 50 | 00 | 17031} 1302 
20 | 30 fp. 240005. 06097 14. 26031 50 | 32 . 16928513174 
21 | 00 | 23871} 0062321 26330 5100 16326] 13277 
21 | 30 | 23738] 06365| 26628 51130 | 16724] 13379 
22 | 00 | 23605] 06498] 26924 52 | 00 16622] 13481 
22 | 39 23472] 06631] 27220 52 | 3o 16520 13583 
23 | 00 | 23340] 06763] 27514 53 | <0 | 16419 13684 
23 | 39 23209 6894] 27807 53 | 39 | 16319] 13784 
24 | 00 | 23078] 07025] 28099 54 | 16219 13884 
24 | 30 22948] 07155] 28391 54 | 39 } 16119] 13984 
25 Co | 22819] 7284] 28681 55 | 00 | 16029] 14083 
25 | 39 [0.22690[5.07413 [4.25969 55 | 30 j0.15921|5+14152 

| 26 | 00 | 22561] 07542] 29257 56 | 00 | 15823] 14280 
26 | 39 | 22433] 07670] 29544 56 | 30 | 15725] 14378 
27 | 00 | 2:306}” 07797] 29830 57 | 00 | 15627] 14476 
27 | 39 | 22180} 07923] 3015 57 | 39 | 15530] 14573 
28 | 00 22054] 8049 30398 58 | 00 | 15434] 14669 
28 | 39 | 21928] o8175] 3068. 58 | 30 15338] 14765 
29 | 90 | 21803] 08300 30963 59 | 00 | 15242] 14861 

| 29 | 39 | 21675] 03424] 31244 59 | 39 | 15146] 14957 
30 | © | 215551 o85481 31523 60 | 09 | 15051 | 15052 


A 


Rr 2 


4- 39724 


| 44348 
4 - 44553 


— 


Rifing. 


4+ 31501 
32079 
32355 
32631 
32906 
331890 
33452 
33724 
33995 

34265 


+- 34534 
34802 
35069 
35335 
35600 
35865 
36123 
3639 
36652 
36913 

4+37173 
37432 
37690 
37948 
38204 
38460 
35714 
38968 
39221 
39473 


39975 
40225 
49474 
40722 
40969 
41215 
41461 
41706 
41950 
44293 
42435 
42677 
42913 
43158 
43398 
43636 
43874 
44111 


44518 
45052] 
45286 
45518 


TaBLE VI, For finding the Latitude by Two Altitudes of the Sun. 


W 


LATITUDE by two Altitudes. 3 HOURS: 


mmm. 4 


a. | 8. 
O | 30 
I 0 
1 J2 
2 | oo 
2 | 30 
31 00 
3 ] 39 
4 | 00 
4 | 30 
51 ©o0 
5138 
6 oo 
6 | 30 
71 00 
S 3. 30 
8 |] oo 
8] 30 
9 00 
91 30 

10 OO 

10 30 

11 00 

11 30 

121 00 

12 30 

13 0 

13 30 

141 00 

14 30 

151 ©0 

15 30 

16 9 
16 30 
1710 
171 30 

1S | oo 
18 | 30 
19 | oo 
19 30 

20 | 00 
20 | 30 
21 | oo 
21 | 30 
22 | CO 
2 30 
22] c2 
23 | 30 
24 | 00 
24 | 30 
25 | ©0 
25 | 30 
26 |] oo 
26 ] 3c 
27 | 00 
27 | 30 
28 | oo 

28 | 392 

29 | 00 

29 | 30 

30 |] 09 


| 


Elapſ, | Middle 
Ting. Tim: | Riſing 
0.14957 [5+1514]4+46599 

14803] 15240] 47127 

14769] 15334] 47354 

14676] 15427 47580 

14533] 15520] 47806 

14490 15613 48031 

14398] 15705| 48255 

14396] 15797] 45479 

14215 15888] 43702 

I4124 15979 43924 
0.14034 |5.15069|+-49145 

13944] 16159] 49366 

13854 16249 49556 

13765 16338 49806 

13670 16427 50025 

13587] 16516] 50243 

1349 16604 50460 

1 411] 16692] 59077 

13324| 16779] 59593 

13237] 16866] 51109 
».I315015.,163530++ $1324 

13094] 17039] $1539 

12971} 17125] $1753 

12893 17210 51900 

12808 17295 52178 

127? 3] 173580] 52390 

12638] 17465 $601 

12554 17549 52812 

12471 17633 53022 

12387 17710 53231 
9.123065. 1 7794.583440 

122224 17881] 53643 

12140] 17363] 538 56 

12058 15045 54063 

11977] 181260] $4269 

11596] 18207] $4475 

118151 18288] 54680 

117344 18369] 54885 

11654] 18449] 55089 
I1574] 18520] $5293 
0.1i4y5};.185c* [4+ 5549* 
11416] 18587] 55698 
113371 18766] $5990 
1125 18844} $5101 
11131] 1892 $6301 
11104] 1399: 56501 
11027] 190% $570k 
10952] 1915 [ $6900 
10373] - 19230] 57098 
2797} 193-6] $7296 
0.10721];.1938. [4.57494 
10545] 19458] 57699 
1057 19533] 57886 
1049 1908] $8082 
10423] 19682] $5277 
10347] 19756] $3471 

1027;] 19830] 58655 

10199], 199% 583859 

101260 29977 39052 

10053 20050 $9244 


M. 


s | + Elapl, 
Time. 
30 [0.09981 
oo | o990g 
30 | 09837 
© 09766 
30 09694 
oo 09623 
JO |} + 0933s 
00 | 09432 
30 | og412 
00 09 342 
30 fo. 09273 
o0 | 09204 
3029135 
OO ©9067 
30 608999 
oo | o8931 
30 05864 
00 | 08797 
30 | 08730 
20 | o8664 
30 fo. 8997 
0003531 
30 08466 
90 | o84o1 
30 8336 
CY 08271 
301 08207 
092 } o8143 
39 | c8079 
00 | o8015 
30 8. 07952 
567889 
39 7827 
OO 0776: 
30 | . 07703 
Oo | 07641 
1 
o 07518 
39 | 07457 
ao 1 07397 
30 10.07337 
oo | 0727 
30 | 07217 
O00 | O7158 
39 97099 
o0 | 07040 
30 06981 
OO 06923 
30] 6865 
20 | ob808 
30 fo. 06751 
oo 66694 
30 66637 
oo | o6580 
30 | 06524 
066468 
30 06412 
oO | 06357 
30 | 06302 
oo | 06247 


Middle ba 
Time. Riſing 
5 201224. $9436 
20194] 59627 
20266] 59818 
20338] 60008 
20409] 60198 
20480 60383 
20551] 60577 
20621] $0765 
20691] 60452 
20760] 61139 
5. 20830 K. 61326 
20899] 61512 
20968] 61698 
210361 61883 
211041] 62065 
21172] 62252 
21234] 62436 
21306] 62619 
213731 62802 
21430] 62984 
5.215054. 63106 
215711 63347 
21637] 63528 
21702] 63708 
21767] 63388 
118321 64067 
218961 64246 
21960] 64425 
22025] 64603 
22088] 64780 
5 2215114.0495) 
222144 065134 
222765] 65310 
22335] 654%6 
22400} 65661 
224624 65836 
22524] 66010 
22555} 66134 
22646j 66257 
22707] 66530 
5-22706j4. 66-02 
22826} 65874 
22886} 67045 
22945} 67217 
2300 67388 
23062] (7558 
23123] 67728 
23189 67897 
23238] 68066 
23295} 68235 
$+23352 [4.65403 
23409] 65571 
23466] 68738 
23523] 68905 
23579] 69071 
23635 69237 
23691] 69403 
23746] 59568 
23801] 69733 
238561 69897 


* 


„ 


— 


TaeLe VI. For finding the Latitude by Two Altitudes of the Sun. 


—— 
A TABLE for finding the 4 HOURS. 
| Elapſ. | Middle Elapf.] Middle , 

M. | S. — Time. | Riling. * | S. — Time. Riling, 
o | 30 [0.06192 [5.23911 4. 70061 39 | 39 [2.03399[5-2670414- 79193 
x |] oo | c613*] 23965| 7922 31 |] oo | 03360} 26743} 79334 
11 30 0084] 24019] 70357] 31 | 30 03321] 26782| 79475 
2 | 00 06030] 24073] 70550P 32 | 00 | 03283] 263829] 79616 
2 | 3 05977 24126 70712 32 | 30 | 03245] 25858] 79756 
z | co | 05924 | 24179] 70874 33 | co | 03207] 26896] 79896 
3 | 30 | 05573] 24232| 71036 33 | 30 03170] 26934} 80036 
4 | 00 | 05318] 24285] 71197 34 | co | 03132] 26971] 80175 
4 | 30 85766] 24337| 71357 34 | 39 | 03995] 27008] 80314 
s | oo | o5714] 24389} 71515 35 | 00 | 03058] 27045] 30452 

D SA 1 
5 | 30 [0.05602 [5-24441 [4.71678 35 | 39 j5-03021]5. 27082 ]4+ $0591 
6 | oo 05610 24493] 71837 36 | oo | 02985] 275118] $0729 
6 |. 30 | 05559] 24548| 77996 36 | 30 | 02949] 27154| 80867 
7 | 00 | 0550S} 24595] 72155 37 | 02 | 02913] 27190} 81004 
7 | 30 | 05457] 24046] 72313 37 | 39 | 02877] 27226} 81141 
$ | oo | 05406| 24697] 72471 33 | co | 02841] 27262] 81278 
$| 30 | 05356] 24747] 72628 13830 | 02806] 27297] 81114 
9 | co | 05306] 24797 72786 39 | 00 | 02771] 27332] $1550 
9 | 30 | 05256] 24347] 72942 39 | 30 | 02736] 27367 31086 
10 | 00 05207| 24597 | 7,098 & 2 00 02701] 27402] 81821 
10 | 30 fo. 051585324945 [4-73254 40 | 30 [O. 026676. 27436 +: $1956 
I1 | 00 o5109] 24994] 73410 41 | 00 02633] 27470| 82091 
11 | 30 | o50bo| 25043] 73565 41 | 39 | 02599] 27504| $2226 
12 | co | o5012| 25091} 73720 42 | 00 | oz2565| 27538] $2360 
12 | 30 | 04964| 25139] 73874 42 | 39 | 02532] 27571] $2494 
13 | co | 04916] 25187] 74028 43 | 99 | 02499} 27604| 82628 
x3 | 30 | 04863] 25235] 74182 43 | 39 | 02466| 27637] $2761 
i4 | co 04821] 25232] 74335 44 | 09 | 02433] 27670| 82894 
I4 | 30 | 04774] 25329] 74485 44 | 39 | 02499] 27703] 83027 
15 | 00 | 04727] _25376| 74641 45 | 20 | 02368] 27735} $3159 
15 J [0.04680|5.25423 [+ 74793 45 30 [9+02336|5.2776714.83291 
16 | 00 | 04634] 25469] 74945 46 | 00 | 02324] 27799] 83423 
16 | 30 | 04538] 25515 75096 46 | 30 | 02272] 27831] $3554 
17 | 00 | 04542} 25561] 75247 47 | 00 | 02241] 27862| $3685 
17 | 30 | 04496| 25607 75398 47.| 39 | 02210] 27893] 83816 : 
18 | co | 04451] 25652| 75549 48 | 00 | 02179] 27924] $3947 
18 | 30 | 04406| 25697 | 75699 48 | 30 | 02148] 27955| 84077 
19 | oo | 04361] 25742} 75845 49 | 00 | 02118] 27955} $4207 
19 | 30 | c4316] 257871 75997 49 | 39 | ov088| 28015] 84337 
20 | 20 | 04272 25831} 76146 50 | 00 | 02058] 28045| $4466 
20 | 30 [o. 042285. 258754. 7295 50 30 ſo. o2028 5· 280754. 84595 
21 | 00 04184] 25919 76443]. 51 | 00 61998] 23105} 84724 
21 | 30 | 04141] 25962| 76591 51 | 30 | 01969] 28134] 84853 
22 | 00 | o4gogs _—_ 76738 52 | 00 | 01940] 28163] 84981 
22 | 30 04055] 2604 76885 52 | 30 01911] 28192] $5109 
23 | oo | 04012] 26091| 77032 53 | oo | o1882 28221] $5236 
23 | 30 03969] 26134| 77179 53 | 39 61854] 23249] $5363 
24 | oo | 03927] 26176| 77325 54 | 00 01826] 28277| 35490 
24 | 3o | 03885] 26218] 77471 54 | 39 | 01798] 28305 85617 
25 | 00 | 033843] 26260] 77616 55 | 00 | 01770} 28333] 35744 
25 | 39 [0.0380115.26302 [4.77791 55 | 39 [9.01743|5-2836014.35870 
26 | co | 03760] 26343] 77906 56 | oo | © 01716 233387] 85996 
26 30 037190] 26384 78050 56 | 30 1639 28414] $6121 
27 | oo | 03678] 26425 75194 57 | co | 01662} 23441] $6246 
27 | 30 | 03638] 26466] 78335 37 | 30 01635] 283465} 36371 
| 28 | co | 03597] 26506| 78438! ] 58 | oo | 01629] 28494] 86496 
28 | 30 | 03557] 26546} 75624 58 | 30 | 02583] 25520} 86621 
29 | 00 | 03517| 26586} 78767 59 | oo | 01557] 23546] $6745 
29 | 30 | 034738] 26626| 78909 59 | 30 01531] 28572] 86869 
30 co | 03438] 26665 79051 bo | colo ses 28598] 86993 


% 


Tas VI. For finding the Latitude by Two Altitudes of the Sun, 


— — — 
LATITUDE by Two Altitudes. 5 HOURS. | 
u. s. Line, | idle Rigas hy $ Elapf. | Middle HL 
me, Iime. - um, Time. M 
© 30 j0.014%0[5.28623 [4.87116 30 | 30 [0.00361[5.29742 4.9403 = 
7 | oc 01455] 286483] 387239 131 | oo 09349] 29754] 94141 0 
11 3o | 01439] 28673] 87362 31 | 39 | 00337 | 29706 9424 1 
2 | oo | o1405} 28698] 8748 2 | co | ©5325] 29770] 943 6| T 
z | 30 01381] 28722] 87600 32 | 30 | 00313] 29796] 94406 2 
3 | oo 01357 25746] 87725 33 | oo 0302 29801} 945 2 
3130 | 01333} 287/70] 8785, 33 | 30 | 002901| 298312] 94676 3 
4 | 0» | 01309} 28794] 87971 34 | 09 o0280] 29524] 94782 3 
4 | 30 01280] 28877 88092 34 | 30 | 00269] 29334} 9488 4 
5 | 00 o1262| 23840! 38213 35 | co | 02259] 29844] 94994 £ 
5 30 0.01240 5.28 6314. 83334 T5 30 9.00249 5 29854 1951 0 5 
6 | 09 01217 28886] 88454 36 | 00 } ocz3z9| 29504} 9 05 
6 | 30 | 01194] 289091 88574 36 | 30 | oc2z29} 29874] 9531 0 
700 772] 28931] 88694 37 | 00 coz19 29884] 9541 : 
7 | 390 | on15o} 28953 88814 37 | 39 oog] 29894] 95520 : 
84 oo | 01128] 28975| $8433 33 | 00 | 00200] 29903| g562 I! « 
8 | 3o | -o1106| 28997] 89 52 38 | 30 | oorgr| 29412} 95728 | q 
9 | oo 01084] 29019] 89271 39 |] 00 | oor82| 25911] 958332 
| 9 | 30 | 03063] 2904 89289} Þ 39 | 30 | oor74] 29920] 95036 
Io } CO 91042 24051 1 407 40 00 C0150 29937 96040 k 
1 30 80 01021 5.29082 4.89525 40 390 . 00157 5.29945 4.96743 10 
I1 | 09 01020} 29103] 89643 41 | co o 50 29953] 96246 11 
11 30] 00980] 29123] 89760 $1 | 30 00142] 29961} 9634 [1 
12 | Oo 00460] 29143] 89877 42 | 00 | oo134] 29969 96452 [2 
i2 | 30 | co940| 29163] $9994 42 | 50 00127] 129976} 96564 [2 
13 | oo | oog20y 29183] 90111 43 | 00 ootzo] 29983] 96656 13 
13 | 3o | 009400] 29203| 9022 43 | 39 | oorr3] 29990] 96758; N 
14 O0 0881] 29222 9034 44 | © | co106| 29997] 955860 14 
14 | 30 oo862| 29241| 9gog5y 44 | 30 ooo % 30 01 96571 14 
15 | 00 00843} 29260| 90575 45 | 00 000973] 30010] 97062 16 
15 | 30 [0.00524 [5.29279 4. 906 4« | 30 [000087 [5.300.6|4 97163 * 
16 | oo | ooBog| 29298 90805 "46 | oo | oooB8r]} 30022] 97264 it 
16 | 3o | 00787| 29316 90920 46 30. ooo /s 30028] 97365 it 
17 | vo | 076g] 29324| 91035 47 | co | 00070] 30033} 97465 7 
17 | 30 | 00751] 29352 91149 47 30 ooobs| 30038] 97565 iy 
18 | co | 00733} 29370] 9126 4% |! co cos] 30043] 97665 i 
18 | 30 00716] 29387 91377 45 | 30 | 000535] 30:45] 97765 | 
19 | oo | 0obgg| 29404| 91490 49 | co coo o] 30:53} 9786; 18 
19 30 | oob82| 29421] 9603 49 | 30 | ocoqg5| 30058] 97964 " 
20 | oo | oobbg| 29438] 917715 co | 0) | oocat} 30062] 98063 4 
20 | 30 [0.cob48 [5.29455[4.9152% 50 | 30 [0.00037 |5. 30066 [4.98152 21 
"21 | 00 | co632| 29471] g194: 51 | co | 09033] 430070} 98261 21 
21 | 30 | 00616} 29487| 92054 51 30] 00029] 30074) 98359 * 
22 OO 006 294593] 92765 52 | CO 00026) 30077] 98457 22 
22 | 30 | 00534} 29519] 92273 | 52 | 30 | 00023] 30080 98555 27 
23 co | 00568} 29535} 92390 53 | ooo] 30083] 98053 * 
12334553 29530] 9250 53 | 30 oog 30086] 98757 24 
24 | co | «00535 |} 29565] 926122 54 | 00 ooo] 30088] 98848 24 
24 | 30 | 00523] 2958 92723 54 | 30 | ooo} googoP 93945 2 
25 | oo } oo05 8] 29595] 92834 55 | oo | - ocoro| 30092 99042 20 
25 | 3s lo. oo494 5.260) 4.92944 55 30 o. 00008 |5,, 300944 99139 20 
26 | oo | 0048909] 29623 93054 56 | 00 | 00007] 3o00gb| 99236 20 
26 30 | 00466} 29637} 93164 56 | 3o | ooons| 30098] 99332 20 
27 | oo | 00452} 29651} 93274 57 oO | 00004 30099 99425 27 
27 | 30 | 00435} 29665 93383 57 | 3o | 00003} 30100 99524 20 
28 | oo | cogzg | 29575] 93492 58 | 00 ooo] zoror| 99620 20 
28 | 30 | 0o04r2} 29631} 93601 58 | 3o ooo 30102] 99715 a 
F29 | oo | 00399} 29704} 93709] If 59 | co | coooo| 30103] gg810 25 
29 | 30 00386] 29717] 93827 59 | 30 [oc] 30104] 99995 3 
30 | oo | 00373} 29739} 93925 60 | co | cooool 40105 1[5.00090 | 


— ::: —ßQũ ——ͤ —ͤ I 


BIE VII. For computing the Altitude and Time, when the Sun 
2 or Star is more than 6 Hours diſtant from the Meridian 


_ — — 


— 


— +. A WW. 4 —_—  - Bw 4a 


mm —— 


—— —ͤ — 


— — 
6 Hours 7 Hours . 8 Hours 
| A | 
Log. Log. | Log. | | Log. Log. 
Ring. Niang s.] Ring. ,s · Riting. 26 Riſing. Nas 
5. 00094 5054100 C305. 10068 = 5.14134 0130's. 27003 36 
00188 054930 10% 10140|31|90) 14198|| 1; 0⁰ 17717 
00282 557600 1300 102120310300 14261 130 17772031 
0037 ©5659} 2jco} 102843200 14320 2100) 17820032 
004bg 05740! 2130} 10356|32|30] 14386 230 178803 
00563 O5822\|| 300 10429133190] 14449 por 179 4]: 
00057 05904 3130] 10501133130 14511 330 17988033 
00751 05985/ 4% 10573[34/29) 14573) %%% 18042]; 
00544 06067|| 4/30] 10643 34 30% 14635|| 4/20} 18095 4 
00936 6149 5120] 10714035 14697 5/00} 18148 
01025 06230 5130] 1078513513% 14759]| 5 300 18202 
01121 06312 6 10856 36 148210 6/06 1925513 
01213 06392)| 6/35] 1092636030 1488 030% 18388053 
01305 064721} 7160] 109971371909] 14943 710C} 1836; 
01398|3 065 531! 7130} 11068137130] 150 4 7/30) 18414 
01490139! 06633]] 8$j0G] 11139 8 15065 $100) 8467 
0158 067131 $130] 211208|38/30] 15126 2030 18519 5 
01671 26793]| 9j<®| 11278[39190] 15187 gjoo 1857 1/3 
01762 06* 737, 9130 11347 36150 15240 9 30 1802 310 
01853 069 54% of 11417400 15300 to/oc! 1867 540 
01943 0703 ;[[10130]} 11486140130] 15365; 1030 18727 
02034 o nini 11556410 154211 0 187700 
0212 Greene 116254130 15455] (1/30) I1B821þ41 
5 719 5 2 
02215 072691|12}o0] 11694/42/00] 15548} 12 oo 1888 3142 
02304 734/12 30% 1176/2030 15608||12 30; 15934012 
02394 257427|\13]1-0] 211831143100} 1566; 13000 1598513 
02483 5311899043030 157271330 19935 | 
02 572 C7 5841|14/00] 11967]44/00] 15787||14/00} 1908 
02603 076621114|30] 12036144|3<| 15846114, 300 191374 
027 50 077391115190] 121041j45}-0| 15904 5/06 1 * 
o28 39045 07816015030 212172145139 1596315 30 19239558 
02928 078 341]16/00] 1224c|46|00} 16022/||ib'co] 192yc|40 
03016 079711116130] 123054630 16 1934+ 
03104 o8049]117]00} 12374147190] 216139 [t7/00] 19 
C3191 8126077“ 20 12441[47]30] 16197|117]}30} 1944 +71] 
0327 08203||18$]00] 1250804800 162 5618 % 1948. +0 
03366 08250||18|30] 12575148030] 16314 18 300 195 zelt 
03454 8356190 12642049 % 163731] 1900 195% +5 f 
03 542 084329030 12709[49]39] 10429 19130] 19639/4913 
03626 08503 20100 12776050 20 1648002 0/00 yes 5 , 
©3715|;c 08 584 20130 12841 5055 16544 0 30 1973 
03501 ©8960\[21j00] 12907 510 16601)|21/co| 19780 a 
03887 05720 21138 12973 5113 1665 59 21 30 19235 
03974 088 12002200 13049] 52/20 1671% 22 0 19 10 . 
0406 c8587\[22]30| 1310405203 16773 22 30 19933 
04146] + 089610 230 13170|53j2c 16820 [23/09 1998: ; 
04232 905623300 1323605330] 1638503 30 2003053 
©4318 ©91111}24f00 13302154400 16942 Win 1 
04402 09185/2430 1336605430 16998 4039 ond 
04487]55|00| 0926-[[25/oo] 13431[35|20} est ige 2017: 
04.571 093351125139] 23495155130} 1/127 +5130 — 
04656 094c%! 2600 13 550 56 CO 17167 ' | © 2 
04-740 29483 2630 136245630 Gs — 1. ee. 
04825 c95561127/00| 13685 5.199 7277 are 23 | 
04910 09625/2730 13753157139 17333 x _ Cs 8 
0499405 ©97031|:Sjoo| 138 185 % 1739 "= 7 
05077 0977611233] 138810580300 174428035 Ae, 
05 160 098 5-1129|-0} 13944/% / 17475 = 2 
05244315 0992 311291 20 e, 30 17554 29 3 OG 
05327 09996 ego 14071 ο W 30] 4 
{ 


— monnre gens. hun. h0 


—y 


TABLE VIII. Or NATURAL StfN Es. 


” 


o * od 2 2 wa —.— | 
. F fine N col N ſine Ncoſ. N nc [N col. N fine; Neol. | N tine; Neo. N. 
— | co[ioocoo} 17450853490 99939 — 99203 =_ — — 
ooοο 1774] 934 3519] 935 | l 
8 o000| 1503} 984 354 937 | 3392 = A 3 8 56 
87] ooo 18:2| 983 3577| 936 5321 3 2 
: 116} ooo 1862| 983 3006 935 5350 go7 oy * 5 
p 145 | ooo 139i} g82| 3635} 934] 5379 355 Peg 77 55 
ee 1920] e e . 32 
"7 | 204|100000| 1949 999813693 9222 017 12. . 99 5 53 
5 0000] 1978] 980 3723 9 1 1 * 3 
4 0090 2007 980 3752 93© 5495 370 1 — 3 
30 | 291] se 2 979 n 72-5] 734] 4 | 
20 9 2005 979 3 * A » 
— 249 "9999 2094 | 978 | 3839] _926} 5582] B44} 7324] 231 4 
13 378 | 99999] 212399977 — 2 — 9121 ab 2 575 4 
o t 2152 977 39537 924 x i 
15 | 436] 999] 2181] 976) 3936] 923] 5669] 830] 7aurf . 
16 | 465] 999] 2211] 976| 3955] 922 569 2360 7469] 721 43 
17 495 999 | 2240] 975] 39% | 921 —_ 83 7493] 719] 42 
18 524 999 2269 974] 42173 — 2 .. (29 — 4 
io | 553| 99998] 229899974 J 92 [99918 5705199333] 7527 3 3 
2032 3558 23% 97247 2 23 3522 Mo 
21 611 9993 . 972 1125 5 > 827 7814 710 38 
640] 9998 2355] 972 1 a 
o 685 44 2414 971 41 59 913 5902 8 7043 = 22 
24 64%] 9998}; 2443] y70| 4155} 9:2] 5931 _ "i 4; BD 2. 1M 
727 | 99997 | 2472199969 | 4217 [99911 | 596099822 775199763 35 
25 727 99997 2472 2 : — 5989 321 7730 701 34 
26 | 75 1 6013] 819 77590 699 33 
27 785 997 | 2530] 963] 4275 —— 3 "th - $8 696} 32 
„ 4 3 27 3 23231 goof core] 812] Faux] 6. 2 
61 25 G | 
— 22 3 2678 966 4352 905 6105] 813/7846 225 2. 
32 5572 99996| 274795955 4391 57904 6134 2 — an 
32 eee 964] 4420 — ods $08 7933 685| 27 | 
2 DB oad Bcd! fees if 15) þ 146 7 hand res oe 7962] 683 26 | 
34 989 995] 2734] 963] 447" a : 80 i} 680 25 
36 — 2253 eee. 
3 — 1 76 
37 | 1076] 99994| 282799960 4565 99896 — 99801 — . 3 
38 | 1195] 994 2850 959 4594 $94 0337 on . 
39 | 1134] 994] 2879] 959] 4923] 2931 03 5| $136] 668 20 
40 | 1164 993 _—_ 4 14. 9 —.— — 8168] 666 19 
11 293 95 8 7 18 
en 47110 389] 6453] 792 194 — —— 
3 1257 99992} 299559555 4749 156 — 38 — 2 16 
— 1280 992} 3025] 954 $709 88 —— 786] $281 657 15 
45 309 991 3054] 953] 479 882 * 784 $310] 654! 14 
ee — 4883 881 a 780| $8368] 649 12 
48 | 1396] 900 3141] 951 — ren — - — 
49 1425 9999 37799950 4914 99379 2 * 4225 9 4 
o 1454 939 3199] 842/494; 856 6 7741 8455] 642 9 
e n 639] 8 
52 1513 9890 3257] 947] $901 * — 270 8513] 637 7 
53 1742 9880 32860 946 5230 AE 4. 7680 $542] 635 6 
5+ | 1571] 28833760 945] 505g |_872 A 76 55712 5 
* . i : | $70] 68311997 3 
55 | 1609] 99987} 3345199944] 5088 5% 6531 Ted trol. 4 
56 | 1629] - 987] 3374] 943] $117 862 68890 762 3629 627 3 
e 9451 $246 8660 6918] 76c $658] 625] 2 
6 2401] 940 EBB bt — Ee. 
2 IT N = \coſ. NF finelNeot. IN dne NeoT, Nine [Ncof. bh M 
Io _— .. IR 1 


Tin . 


OF NATURAL SINES. 


3 EI 
— 1 TM * $0 9? 
"M. IN fine}N N fine N col. N — 2 col*|N fine}N coſ- N . — 
24 ” 4 9 E 71 711 2 70 
o | $716 99619110453 99452 8 99255 I * 4 9 -, 2 
ee of 248] 975) on 701] 760 58 
2 | 8774] 614] 511] 4460 245] 2480 975 june. ed 
B&B Ee x he es ne een oe 770 731] 56 
1 — 509 = — a ob? cob 737 746 55 
ö © 07 7 / 3 3/ £ 
2 1680 604 226 434] 360] 233} ogo] ooz| 816 1 3 
Te ee ee e 
Fee 46: 226] 17 gol yeal Ted 31 
: — — 262 — 476 2190 205] 986 931 ar WE 
10 2 s 82 591 71 49 
- 1 771] 415} 504] 215} 234] 9 959 
12 9963 533 Soo|+ 415} 533] _211| 263) 978 . 5 bh. -- 
14 91210 553) 855 429 29 1 mY 2 — 074] 700} 45 
15 9150 580 $55! 4060 620 = = 961 103 * 4 
1 22709 $77 916 wy 49] 19 ce 957| 132] 6go| 43 
16029 25 9 79.91.99 9530 161] 636 42 
22 23... 10294 $948 |16189!198581] 71 
19 | 9266199570|11002[9939312735 16.4 9H ped {para OS. 
19957 307] 23% 39 7944 5291. 990 940 245] 671] 39 
21 | 9324] 564] obo uy 6] Ws — 226] 27 66,1. Ml 
22 | 9353] 362 089 393 _ 175 „ „ 
. ths 377 330 167 bo] 227 333] 657] 36 . 
— 2 — 3 7 2 8 | 86 2| 3s. 
e e Dane) ae 
ow | Pr 5597. 9091 370] 997 Rad 695] 914] 419] 643] 33 
27 | 9498] 543| 234] 367) 966 15% 2257 oxol. can 
wp | 9397] 545] 269) 354) e 153} 723 9000 476] 633] 31 
29 | 9556] 542| 291] 360 rr 4 it 9oz] Fos] 629] 30 
e eee ny 51098897 165338624 29 
31 | 9614199537|11349199354|13081 2 oy wel et 
32 | 9642] 534) 375] 35! — | 133 $67 889 $591] 614] 27 
33 | 967:| $31] 497] 347 "2? 129] 896] 884} 625] 609] 26 
34 9700528 436] 344] 1 was. 25] 88% 648] 6og) 25 
35 | 9729] 526] 465} 341 797 IF — $76] 677] Ce 3 
35 | 9753} 523 4940 337] 226] 122] 954 8877 7766855 75 
— 3 . 32 54199115|14952[958571|[16706[95595 
7 | 9757199520[11323199334|13 Fa 2141150210 8 720] roo) 29 
CN EY 
nn 8580 792] 580} 20 
40 98744 $511} 609 324 34 e 097 $54] $20 575) 19 
41 | 9903] 508} 635] 320] 370 og3] 126] 849 $49] 57 18 
= 1.293] 529] 3271 399.02 r5155|98345|16378|98565! 17 
*43 | 9961]99503\11696|99314 on id nt ne es 
A ©... Faw ec $a 7 987 212] 836] 935] 5560 15 
en 82] 241] 2% 2 18 
46 fl 494| 753] 393] 5 * o79] 270] 324) 992] 546} 13 
47 110077 491 812] 300 543 o75| 299] S23|17021] 541 12 
rr 2758818 1705008536 71 
49 10135/99485 186929313600 9925 * n $14] 078] 531] 10 
rr 
5 27 286 653] 063} 355] 809 1 
51 1924 479] 927 | 62 ogot 414] 305] 136| g21 
52 221] 4760 956] 283 rs 925 442] 300 164] 516 7 
i LS ES, 
54 279] 470112014) 279) 744 a _——— ms 50e 5 
55 103080994570 12044/99272013773 * * g 787 230] 30 4 
56 | 337] 464] 7% 259 4 939 267) 72a} 279] 4560 3 
57 396] 461 100 262 860 - 586 778 308 491 2 
58 395] 45%] 129 _ 880 31 835 238 
59 424] 455} 155] 25 +, 2 Ar TN Tac N coſ. IN tine; M. 
M. Ncof. IN ine N col. N ſme N coſ. N ſine N co — $2? ] 
2 n 
l 


TADLE VIII. 


OF NA ruRAIL Sinrs. 


Hl 


9. 5414 


w 
Neo. 
5548101908. 


1755519 *445/19281 


10 
11 


— 


A? 


+ > + + 


to io Go 
C 


hne 


19452] 


109 


309 


394} $66 
30 595 
pay 5 
33119623 
78 * 
73 6 
5 709 
62 737 
571 766 
529795 
+] 8522 
11 857 
4 S 
306 550 
31] go" 
251 93 
20 1990 
15 994] 
10{20G22 
304] O51 
„ 
2991 87 
294 1c8 
7828 20136 
283 165 
$774 03 
272 22 
| $50 
201] 279 
— — 
982 56120307 
250] 336 
- a þ 
245] 394 
240] 39 
234%} 721 
22G} 45 
908227 &75 
216] 507 
212] 535 
207 503 
201 5902 
292 620 
3190020649 
1351 677 
1791 700 
1 
1744 734 
163 Ay 


51 2099099773 226g 


= 
— * 


1 


- 
—— 


© © & 
WW KH wv 2 
mM. SJ} © Un 


I 


ARE IIEIPCIINS onetime. 


Neot.|N fine N N cot. 


— — [ ——— — 


5 | = & bs 
933163/20791 97 8186 2 


820 42 


f i / | 
905 LY 
222 778 


— 


——— 
* 


21019 Fw: 


c47] 760 
076] 754 
104] 7 


132] 742 


921167977352 
159 720 
218 723 
246] 717 
275 711 
303 7852 
21331197095 [23 
300 092 
388 80 
41 68 | 
245 673 
477 ©! 
* 21 TOO! 2 
63 655 23 
820 645 | 260 
yo 7 642 | 288 
610] 6360 316 
| 6 4. _ 650} 345 
2 
17 h — 28755 * a4 
7987 12107 7623 23373 
701 61 401 
72 6111 
755] 604 
796] 595 
81 C2 
i & a pray” opagrog'ns 
55 5 2 
271 3/9 
899 573 
925 566 
950 560 
350. 


941 54 
070] 534 
098] 528 


EY I 

1 

+ | 4 
O © 


Ib ws 3 + ry 


143 3) 3. 3 V3 a 
IS — 


4 
ta WD 8 15 


WS e 


_ 
® - 


3 3 Gd DW3 G3 2 
JV -— tt ww + Ur 


| 


wy GG Ho 


WW SH H Hu 6 ÞD 


4 
HE e 25573 


Le ne bo 
£210319750> [2 
212] 582 
240} 499 
295 497 
297] 453 
22 4-6 
235309747 
352| 463 
&10 457 | 
435] 450 
4607] 444 
Nc 


of. N ne INcofſ. N fine 


* 
77 


TABLE VIII. Or NaTUuRAT SIN ES. 


— n —___— — 
F |S 
M. N une N col. | un * N $11 Ne t1. Nine N cat. N hae! Ncoſ VI. 
3 2585296593 1756 490126 20 9 3698295166132 5719455 60 
I g10 585 5924 1181 2 | 62 g29} « 7 584] $42] $9 
2 933 $75] 620] 11G] 293] ( 9 | O biz] 533] 38 | 
3 | 966] 57-| 64% 102] 321] « 985] 079} 639] 523] 57 
4 994] 562) 676] og4] 3 | g96,31012p G70! 667 5144 $9 
5 [26022] 555] 704 86 375 5 o O 694] 54 35 
6 | ©50| + 547] 731] 078| 424| 37 52 722] 495} 5+ 
— FAA 2 — | pos Wa, ang FAS. — 
7 |26079]9654>/2775919997 29432[1557 3 31995195943 [32749 94485} $3 
8 107 532] 787] 62 46 562 122] 033] 27. 476] 52 
9 135 514] 825] 054| 437] 554 153i] e466 51 
10 163] 517] 843] c46| 315] 545] 178 o15| $32] 457] 50 
11 191] 5 ͤi 871] oz7} $543] 5260 206] o:6; 359 447] 49 
12 219 502 890 929 571 52 233 2797 8 4355 48. 
13 26247 90494 27927 30021 295 9 555190312 94958 [32 114 94425 47 
14 275] 4860 35 013 626 514, 291 9791 942 41%, 46 
15 303] 479 $g83þ ocg| 654] 502] 316} 970] 969 429 45 
16 | 33 471028011 55997 | C52 493) 344 gO1; 997 399' 44 
17 355] 463] 039] 9y89; 7100 485] 372] 952 33024] 390} 43 
| 28 357] 456}. 07 9810 737 176} 396] _945|_051 9 .— 2 
| 19 [26415196445(28295135972 [2976 (9546713142 194933 [33 943700 41 
20 | 443] 449]. 125] 964| 795] 459] 454] 924} 2% 361] 40 
21 471] 433 15% 956} #21] 456 48 g15| 134] 351] 72 
22 500 425 175 G4: 349 441 CIC pd 16 342 3 
23 | 52%] 47] 206] 940 370 433] 537] 97] .] 332] 3 
_24 |_556]_ars|_234| 931 |_99g]_424| 505] 855 |_21]_ 322] 36 
25 26584795402 282629593 ,29932[95415 31593/9457$ 133244 4323] 35 
| 27 64 336 318 907 987 308 648 60 29 29 3 
28 668] 379 346 dg? 30015 389/ 675 18 226] 204| 32 
29 696 371] 374] 890 043] 3800 703] 942] 353} 274] 37 
3o [ 724] 363] 4o2| 882 o73_372|_73c| $32} 351) 264) 30. 
5 2675) 5635528420 95374 30098095363 $17 55 94-23 (33461442 4 29 
2 80 34 457] 865] 12% 354 738%) „4 436) 4 2 
33 $o8| 342| 4850 357 154] 345 373] Bos; 4630 235} 27 
34 835] 332] 513] 849] 182] 337; 541] 795] 459 225 26 
35 | $64] 324] 531] 841 209] 328) B65] 786] Trot 2151 25 
36 $92] 316] $569 832 237 319] 8. 6.227 545 206 24 
37 2692009539 %0( 8577524 |30265|3 53103192 3194706313357 3194196] 23 
38 943 301 625] 816 292 301 951| 758} 6 150] 22 
39 976] 293] 652] 307] 320] 253] 979] 749 627]. 2901-29 
49 [27004] 285] 630] 799 345 284 32606} 746 os: 167 20 
41 032] 277] 708] 791] 376; 275 ©34| 230 562 157 1 
2 06 269] 736] 782 4c3 2000 001 — Jan 71 Bc... 
270889620102876495774 3043195257 320501947 12 [33737 4 7 17 
176 253] 7920 766] 459] 2480 116] 702 764] 127 16 
144] -246| 820] 757] 456] 240] 144| 3 797 1180 15 
192] 233] 847] 740]. 5:4] 233] 373] 054] og} 109 4 
2co] 230] 875] 740 542) 222) 199 974 840 995 14 
228 222 903] 732 670|_213]_227| 665] 874] 88“. 12 
272561962 14\28931195724|39597[95294'322 54| 94050 33901 94078 11 
2844 206} 959 715 6250 195 282 6406} 929 2 10 
312 198 9871 7 7 655 1850 309 637] 956] 58 : 
340 | 190/2g015] 695] 68 177! 33 27] 993] 049 
36% 182 0421 690 708 16 364] 668 34010 039 7 
3960 174 070 681] 736 159. 392.599 22 | 
27424 361662909" 95673 307635150 24 9194 599 34065 94019 3 
452] 157 126} 664 7g} 142) 447] 599] 993 O 4 
480 15| 154] 656] 3190 1330 474 580 120193999 3 
508 142] 18 647 846 124 5024 57 | 147] 989 2 þ 
536] 134) 20 63% $74] 1150 529 Sor] 1751.22? * 
IN cot. N une Fcof IN fine | Neo. N fine Ncol Ide fac Ncoſ. IN fine] XI. 
Fr Ta 


TABLE VIII. 


Or NATURAL SIN Es. 


20% 215 22 | 27 3 _ | | 
M. N finetNcolf. iN N iine[Ncot. N line Ncof. N Hine Ncoſ. N fine \Neot. 1 1 
o 3420203969358 77 93358 3746192718 39073 9255046674 973550 6o | 
I 229] 959] $64 345, 485] 707] 100} ozy| 700 343 59 | 
2 257] 949] B91] 337] 515] 697] 127] o28| 727 331! 58 
3 | 2%4| 935} 918] 327; 542] 686] 153] 0160 753] 319] 57 
4 311] 929 945] 316! 5tg} 675] 150] cog} 730 30% 55 
5 339] 929} 973] 306} 595] 664 20791994] $06 295 55 
6 356 90360 % 295 622 653!) 234) 982] $33] 283 54 
7 34393/738990¼36027 93285 3764% 264 392605197 140860 91272 53 
3 421] 389] 054] 274] 676 631] 257] 959] 336 260 62 | 
9 445] 3879 o81] 264] 703 bag 314 943] 913] 2480 51 
10 | 475] 369] 1080 253] 730] 609} 341] 9360 934} 236} 50 
11 503] 359 135] 243] 757] 5980 367 9251 969] 224 49 
12 $30] 849 162] 232] 784] 587 324} 914! 992] 212| 48 
13 34557 93839 36190193222 37811 92576 39421 910 90241019 912001 47 | 
14 534] 829] 217] 211] $35 565 443] 891] 045] 182] 46 | 
15 612] 819] 244] 201] 865] 554 474 879 72] 276| 45 
16 639] 809] 271] 1900 892] 543} 50 $65] 0098 164] 24 | 
17 665) 799] 298] 18c} gig 532] 528] 856| 125] 152] 43 
ws | 624] 789] 325| 169] 946] 521] 555 $4:| 151] 140% 42 | 
19 34721 93779136352193159|3797319251c139581191833141178[91125} 41 
20 745] 769 379] 145] 999] 499] 608] 822] 204] 1160 40 
21 775] 759] 406] 1371380200 483] 635] $10} 231 104j 39 
22 | 503] 743] 434] 127] 053] 477] 661] 799] 257] 092 38 
23 $30] 738] 410 116 o8c| 466| 688] 78 284] o8o| 37 
2. 857] 728 488] 106} ie 455! 715 7751 310] 068] 36 
25 134554]93718/346515]}93095|38134 92444|39741191764/41337|91056| 35 
26 912] 70 542] 084] 162] 432] 768} 752] 363] C44 34 
27 939] 095] 369 o74| 188] 421 295 7410 390 032] 33 
28 966] 688 596] o63] 215] 410] 822] 729] 416| o2o| 32 
29 993] 677] 623] o52| 2410 399] $48] 718] 443] ocs| 37 
Zo 135021] 667] 650 ogz| 268] 388] 875] 706 469090996] 30 
31 135948[93657|36677193031/3829519237739902191694{41456|g0984| 25 
32 075] 647 704] o2c| 322 366| g28] 683] 522] 972] 28 
33 102] 637] 731] ono 349] 355] 93550 -671| 549 g60| 27 
34 130] 626] 758 92999] 376] 343] 982] 66c| 57 948] 26 
35 157] 616] 785] g88] 403] 332/40008] 648 6o2] 9360 25 
36 | 2184] 606] 812] 978] 4300 321] 035] 636| 628] 924] 24 | 
37 135211193596136839[92967|38456|92310|40062 i 23 
38 239] 5355] 867] 9560 483] 2 99088] 613] 681 991 22 
39 266] 575 894] 945] $10] 287] 115] Gor] 507] 8% 27 
40 293] $65] 921] 935] 537] 2760 141] 5go| 734] 875] 20 | 
41 320] $55] 948] 924] 564] 265| 165| 578] 760} 8631 19 | 
ee | $67] $445 979 92131! 591 254j 195] 565] 787] $51] 18 
43 353753534037 38617224 0402219155541813900830 17 
44 402] $24] ozg| 3892] 644] 231] 248 543] 84] 826 16 
45 429] $14] og6| 881] 671] 2200 275] 531] $66| $14) 15 
46 456] 503] o8z] 870 693] 20g} 3c1 519 892] $02| 14 
47 434] 493] irc] S859] 725| 198] 325 5080 979 7go| 13 
4s |_517] 483) 137] 849] 752] 186| 355] 496| 945] 228 12 
49 135533193472|37164|92838|48778 92275|40331191484|41972190766| 11 
50 565] 462] 191] 827] 805| 164 4080 472 g98| 753 10 
$1 592] 452] 215] 816] $32] 152] 434] 461042024] 741 9 
52 | G19] 441] 245] 805] B59] 14 461] 449 ogr] 729 
53 647] 431] 272] 794 836| 1300 488] 437 o77| 777 
54 674|_ 420] 299] 784| g12| 119] 514] 425] 104] 704 6 
55 135791193410137 32619277 3(38939[92107|40541[91414|42130|90692] 5 
56 | 728] 400 353] 762] g66| og6| 567} 402 156 68] 4 
$7 755] 389] 3800 751} 993 985 5944 390] 183} 6680 3 
58 282] 379] 407] 740 39020] o73] G21] 378} 209} 655 2 
$9 | $10} 363] 434 729} 46 o62| 647] 366| 235| 643 1 
Neoſ |N ſine Ncoſ. IN ſine Ncor. IN fine! Ncof. N ine NFcof. {N fine} M. 
e 


TABLE VIII. 


Or NATURAL $S$iNnEs. 


8 «„ %% 


158 | „ 279 | AB ES 
M. IN — ub co N ſme, N col. N.. = * N col. Nt fine N cot. N fine IN cot. | M. 
o [42262190631] 43837 89879 965770 591 46947 8 29549 3481/37462| Go 
I 288 618 — 57 425 87 973 281 500 445 59 
2 315} 606 889 854] 451] 074] 999% 267 532] 434] 58 
3 291] 544] 9160 843} 477} 061 47024 254] 557 42 57 
+ | 367] 382] 942] $28] 503] og8) 250 2400 583 406 56 
5 394] 569] 968] $16] 529] 035! 76 226| 6083910 55 
6 q20] 557] 994; Soz 554} 210 1010 215] 634] 377] 54 
7 142446[9054 5144920 39079145550 39008472127 35149/43659}87 363 53 
8 473 532 046} 777 606, 9905 153 88 684 340 52 
9 {| 499] 5200 072 764 632] 931] x99} 272} 720} 4335] &£ 
10 25] 50% 998 752 658 963] 204] 158] 735 321] 50 
11 5524 495] 12 739 684 9551 229 144} 99 | 206, 49 
12 578 483 151 726] 710 _ 942 2 255 $303 7 292 48 
13 42694 90470144177|8971: ideen 4728088717488 71 7278 47 
I4 631 455 203 7oc| 762 9151 30 193 837 264 46 
15 657] 446} 229 687 787 902 332] 289] Ut 2| 250 458 
16 | 633] 433] 255] 674\ 313] 883) 358} 7 888 233} 44 
17 709} 421] 281] 662] 839! 875 383] C62] 9713] 2210 43 
18 736] 4080 3c7 _645 865 862 409 048 9380 2C7} 42 
19 42762900 30 7433389630 45801 Ns 4743488034(43964]87 193} 41 
20 | 788] 3850 359} 623] g17] 835] 460% 2c} g3gj 175} 40 
21 815 371 38 5 610 942 8220 4860 oc6{4g014} 164] 39 
22 841 3580 411] $597] 968 808 511 87993 40 150] 38 
23 | 367] 346] 437] 534 994] 795] 537] 979] 065] 136] 37 
24 894 334 404 571 46020] 782 562 965 e142 36 
25 4292009032 14449/89558 4604688768047 58808795149116087107 35 
26 | $946] 309 516] 545] 072] 755] 614 937] 141] 893] 34 
27 | 972] 296] 542} 532] 097] 741} 639| g23] 1660 79 33 
28 999 284] $568] 519 123] 728] 665 gog} 192] 64] 32 
29 [43025] 271] 594] 50% 149] 715] 6goj 8960 217] 85% 31 
30 051 259] 620) 493 175 701 716] $82] 242 036 30 
31 [43977]90246|[44646|8948c[46201|88688{4,7741]$7$6$[49268[37021] 29 
32 104] 233] 672] 467] 226| 674] 767] 854] 293] 007} 28 
33 | 139] 221] 6980 454 252] 667% 793] 840] 318150993] 27 
34 156] 208| 724] 441] 278] 647] $18] $26| 344 9735] 26 
35 182] 196} 750] 428] 304] 634] 844] 812] 369] 964| 25 
36 208] 187] 776] 415] 330] 620] Bbg| 7980 394| 949} 24 
37 [4323519017 1144502[89402/46355|5860747895|$7784149419]>0935} 23 
38 261] 158] $828] 389 381] 5933] 9200 770] 445] 921] 22 
39 | 287] 146] $54] 3760 40% 589] 945] 756 47 gob! 21 
49 | 313] 133] ssc 363] 433] 566] 972| 743] 495] 92] 20 
41 | 340] 12o| 9060 35} 458] 553] 997 729} 522] 375] 19 
42 366] 108] 932] 337] 484] 539/4822 715} 546 _ 863] 18 
43 43392 9009 5449 58089324465 10088 526 48048; $7791 49571086849 17 
44 418] o82] 984] 321] 536] 512] 073] 682] 596] 534] 16 
45 | 445] o70]4501c| 298] 561] 499 ogg] 673] 622) 320] 15 
46 | 471] o57] 036 285] 537] 485 124 6<9] 647] Bos| 14 
47 497] o4s| obz| 272| 613] 472] 150] 645] 672] 791] 13 
48 | 523] 032] 0880 259! 639] 458] 175| 631] 697] _777|_32 
49 4354995519 4517459245 46664 8844 5 201 876749723 870 11 
50 575] oo7] 140 232] 6900 431] 226 603] 7480 745] 10 
51 50289994] 166 215] 7160 417] 252 559} 773] 733] 2 
5² 628] 981] 192] 206 742] 404 277) 5750 79% 719] 8 
53 654] 968] 218] 193] 767} 3900 303 561] 524] 764 7 
5& | 680 g56| 243] 1800 793] 377] 328 546] $49} gol 6 
55 43789943 45269089 757 468 758363 483547532 4987486670 5 
56 | 732] 93 295] 153] 844 349] 379] 513] 89% 8% 4 
57 759] 9180 321] 140) 870] 336] 405 504| g24| 6400 3 
58 | 785] gos| 347] 127] 3960 322] 43% 490] 25% 03] 3 
59 811] 892] 373] 114] 9210 308} 4560 4760 975} O17} 1 
M. Ncoſf.|N finclN cof.}N ſine N cof. N ſine N coſ. N ſme N col,” N ſine M: 
— "Ht He a 2, IAG RR EE s ſe 


Tarn VIII. Or NATURAL SINES. 


— on a in a as 0 In rp ge — —e— 
EE UG C2 oO HSE: CARER WOO 7 10D 
f ume] Neot.[N figeN c . N fi X col. N nel N col. 
[ F „ n 1 arp — pong: 
© Foo 86. 5151504857 170525 9218485 445413386 5591 
1 588] 3290 722153017} 759/ 40%, 851 94 387 59 
2 oc 57 / 554] 687] O41 774 51] 835] got! 871 
1 1 5 1 1 L, 
2 | 076] 5590 579 672! O 759] 337 Sic] 992] B55} ; ; 
4 | non $5444 684 657 991 743 50 804456810 1 
8 | 1260 53 628 8 ien 788 0 8 | 
; 3 | | ; | 
6 | x54! $515] 653] 627] 148 772 6101 772 806. | 
? 2 2 86 1 - lo 1 Py » "0 
7 15$0176\86501151678 85612ʃ5 104/840 71540351937 55088 82790 53 
$ 202] 486] 703] 597] 189 681] 059] 74 11 77 2 
9 | 227 471] 728 582 214 666 68230. 724] 1: wool or | 
oj 252] 657] 753] 5671} 23% O5c| 7034 700| 1 uu 
11 277 442] 7780 $51 203] 035] 732] 6920 * | 
12 302 427] 803] 5360 2535] 619 250 676] 208 | | 
133 — 1 — — 
13 0327 864135182885 521 3 © 84604548 260 80 232/826 2 47 
4 352 395] $52] 506 337] 5880 os! 645! 256 675] 46 | 
15 377] 38:| $77]. 491] 351] 573} 329] 62] 28; 655] 45 
16 403) 36c| 902 476; 359] 557! $54} 613; 3050 6 | 
iy 1 489 354] 937] 46211 437] 542 B75] 7 329] 6 4: 
1% 283340 2220 446]_ 455 526; 982 $91] 3530 610} 22 | 
19 [50475|50325151977 $5431153462|54521(54927] 3565055377 $2593] 41 | 
20 | $031  JICHSCONT 4201 1 794 T9531 9571 2491 4 „ 
21 5280 295] 9260 4010 50g] 480 975] 533! 425] 561] 25 
22 553 281] 051 3850 534 464] 999 $17] 44 54. 35 | 
» » 89 * * = © _ PREY 
23 578 266] 76 37c| $555] 44: $5924] 5011 4 52 37 
24 6030 251] TOI! 355 583 435 O48] 485 497 Fri} 36 
2 528 C6 37152126085 5350784417 5028346362 1 824 Py 
5 [50628|56237[52120[553401533007194417155072153409150521192495] 35 
26 654| 222] 151 325 632] 402] O97; 453] 545] 475] 34 | 
28 | 704) 192] 200| 294) 681] 379) 145 421] 595) 446] 32 | 
29 | 729 178] -225] 279] 705] 355 160 405] 617] 429] 31 | 
3 754| 163] 2500 264] 730] 339] 194] 359] 641 413] 30 
Ay - =_ 8 mo 29e , pul 4 It pany pe f pd be, 
31 [50779|36148152275|55249 537 54194324 5521818337 56665 82396 29 
32 804| 13 299] 234] 779} 308] 242 3500 689} 380] 28 
33 | 325] 119] 324] 2180 $04. 292 266 340 730 - 363] 27 | 
34 854] 104] 349] 203] 528 277] 291, 324| 736| 347 26 
35 879 O89] 374 18! $53! 261} 515 305] 760 330| 25 | 
36 g9c4|" 274 399] 173] $77] 245] 339%; 292] 2840 314| 24 
37 5092986959 5242385157 53902084230 5536383276 56808[82297] 23 
38 954] C45 4480 142] 9260 214] 388 2600 $32] 2810 22 
39 979 300 473} 127] 951] 1985] 412} 244] 8560 264] 21 
40 [51004] on5| 4980 112] 975] 182] 436] 2280 8800 245] 20 
41 029] oo 522] og6|54000| 167 46c} 212] goa 231] 19 
2 | 254|85985| 547] 8 24 151] 4840 195] g28|_214|_18 
43 |51079|85970}52572|8 5066154049{384135153509{53179|569 52 82198} 17 
44 1044 956 597] oi 073] 120] 533] 163] 97 131] 16 
45 2] 941] 621] 035| - 097] 104 557} 147/57000 165] 15 
46 154] 926] 646] o20] 122] 088 5911 131] 24] 14d] 14 
7 179] 977 677 005 146] o72] G6ogs} ins] 047] 132] 13 
48 204] 896 69654989] 171} og7 635 og8] o71] 115 2 
49 5225/8589 1152725 $4974154195}84041]556& 541$3082|57095|152098] 11 
50 254] 866] 745] 959] 220] 25 678] o66| 119] 82] 10 
51 279 851] 770 943] 244|. oog] 702] Os 143 065 9 
2 304 836 794] 928 26908 399] 726] 034 167] o48] 8 
53 329] $21] 819] 913] 293] 978} 75% or 191 932 7 
54 354] $26] $44] B97] 317] 962} 775] oor] 215] O15 „ 
— A» 4 - a Y 0 dy ” Ld * N 25 65 a arr ? * 
55 |151379]$5792|528691$4882154342[33946155799j}$2985157235/1>1999] 5 
56 404] 777] 893] $66] 366] g3o] 523] 569 262] 9820 4 
57 429] 762] g18| 851] 391] 975] 47] 953 2860 965 3 
58 | 454] 747] 943] 8360 415] Boy] 870 9360 310 949] 2 
59 479] 732] 967 82 3 440 883] $95] 9200 334] 932] 1 
Nc F fine!N cor. N ſine N cof. IN fine'N cof.1N fine!N coſ. N fine! M. 
TT. __ 0 7 * n 
N Zee 


TABTLE VIII. Or NATURAL SINES, 


2 22 —— TT» RW — AMX — <5 


— — - — 
— — —— — — — 2232 EY 
J — * — —— — 


35 3 3, 28 
AI. N {11 1 N col | une! ein un | '# | | N. 110 * 01. R | , 1 Ks [ 
mn OP e — — 2 — — —ę— IE SGSnc 
0 57 8 519155877908 (79364 615; bo 73808 62072 my 
FP Q 5 82 = - W 46 . _ id 4 
1 3 1 8990 OW ov 5| 205 94 589 787 988 80 eq 
| 2 405] 882 826 $67] 228] 829 61 6 977] 678] 38 
| | 3 | 429] $55; $49] 35% 251} $11, 63 4 [eee 666 57 
4 | 453] 343] $73] $33) 2740 793; 653) 72g} o2z] 64: <6 
| | 5 477 32 890 Sit 299] 770 681 711 G45 622 55 
- | . 9 0 IT _ *} 
| | 6 501 81 920 799 328 755 704 222 068 605 54 
— — . mgrpey; ! yr od Fear Nagy ge 1 
f | 7 )/ 524 rey 58943 8078216689344 7974161726 78676 630 900775860 53 
| | $4* 781 90, 75 307 723 749 65⁸ 112] 5680 82 
94 ” a | ry — F : ' 
| 9 572 705 pe 745 2901) 7001 772 640| 1351 5580 51 
12 5900] 745 59014] 730} 414 698 795] 622 158 531 50 
7 7 5 1 
11 — 731 9 7 713 +3 6; ' 818 oA 186 513 49 
| | 12 43] 714 14 o61] 696} 460 653 8410 556 263] 494 48 
13 57667 N 59034 8067960483963 61364 -$563103225 77476 47 
15 715 664 131 644 5290 O 999 32 271 43% 45 
a - 5 — 27 * | : 
16 730 047 1547 627 $53]. $33] 932] 514} 293} 421] 44 
1 2 3 610] 576] 5650 955] 496} 316} 402] 43 |f 
— 0 - — — N a 
1 7 14 201] $93] 599|__547| _9 8| 473} 333] 384] 42 f 
19 57809 51597 59225 50576 60622|79530162001178460;53391177366] 41 
% | 833] 380] 248] 558] 645) 512] 024] 442] 535] 347] 40 
21 387 563] 272] 541] 665] 494} 046 424 4060 329] 39 
22 [ 540 295 24 0901 477 069 5 423 3101 38 
23 904] 538 3180 $07] 714] 45: } Oog2] 387] 451] 292] 37 
24 | g28] 513] 342] 489] 739] 441} 15} 306 ' 4741 273]. 16 
a may FT" : "1 1 N r e „ = — 1 — — — 
25 57952 31476189365 804726070 10 742 52138 8351 3496077 4. 35 | 
2 976 4590 389) 455 784| 40% 1600 3533] $23] 236] 34 
27 99% 45 412] 435) 807] 338; 183] 375] 547} 21 | 32 
| 28 58023 457 435 420 8201 271 _ 20 6 yon! 22 
. >, * 4% 33 3 4 2 4 5 L 3 = 
29 O, 425 +09] PT 4 8 , — — 1 2" 585 I 41 
30 070] 412 452] 300; © | 335} 253} 261 65080 a62} 30 
31 5809418 1395 595080308 0899073188 27417243 30 7714 2 
my - #4; a - , 3 . 2 
32 118 78 529 351 9 - gw 7 22 95 12 28 
33 nn 361] $52] 334) 945} 297} 33 206; 07 I 27 | 
34+ | 165 bed 576 3160 968 264] 34 188] 698) 32] 20 
35 189 5990 299 992} 2 | 385 of 0 25 | 
9 -» 1 1 . — aQ\ — 1 
36 | 212 = _ 622 A Finke * 128 EL. es 50 18 as | 01 24 
7 53236 $1293 59646 3 204 103879211 02411 7813407276. 7033 23 
jo no 3 . af 1 
3 260] 2; 669 2471 0611 4 1161 75 5144 22 
39 233] 259) 693} 230 084 1700 45 ogs, 81070927 | 
40 | yo7| 242 716} 232| 107] 153] 475] % $32} g77] 20 | 
41 330] 225 739 195] 23% 14 85 chr v5 959] 29 | 
2 ' 354 2080 763] 175 X53] 122 5241 943 872 94 18 ö 
43 |58378]81191 59786|80160 6177679105 52547 78025|63399/76421] 17 | 
44 401] 174] 809 43] 199] 087 $70] O07} gaz} 223 16 
4s | 425| 257] $32] 125 222] cb9] 592177995] 944] 234) 25 
46 449] 1gol 850 1080 245] 3 615} 57 966, 866! 14 
47 472] 123] $79] o91 265] 033 635] 952] 93 ' 847 13 1 
48 496] 106] goz] 073 291] ons} 6f 924164011 $28] 12 | 
— 4 2 EF 
49 585 1908 1089599260800 56/6 131 4789986251 3779994 33] 6810) 11 | 
- - a Q A - 2 AL! . - | — — © 7 
56 | 543] 072] 949]. 038] 337] 580 705) 897 % 791 10 | 
51 567] o55] 972 022) 3600 gb2] 725 879 075} T7731 4 
52 | 5go| 038] g95| coz] 383] 944] 751] 85% 100} 75% 8 | 
— 65 . 4 4 & 4 ' m — 
53 * 021 6001979986 406 920 77. 84 12 . 7 7 
$4 . 637|_00g| e 2 42. 2 _796|_324| ( 
55 58661|$0987160065|79951|51451[783g1 62819, 77306, 94167| 760 8 > 
5 684| 970 089 934 474| B73] 842 738, 196) 079} 4 | 
57 708] 953] 112 916 497] $53] $64] 765; 21% % 3 
58 | 73r] 936] 1350 899 520] 837] 887] 751} 234] 642) 2 ) 
59 755] gig] 158 8811 £543] 879 909 73% 236 623] I 
M. iNcot. IN fine} Ncofſ. N fine{Ncot. IN fine N co. N fine N col. N finel MN. 


— 


TABLE VIII. Or NATURAL SINES. 


40 ET 43 3 
N ſine N coſ. N ſineſ N coſ Ncoſ. N fine 
o 6427976604 75471066913074314 73135069466 
x7 | 301] 586 452] 935] 295 1160 487 
2 323] 567 9566 276 o96| 508 
3 | 346] 548 975] 256 076| 529 
4 365] $530 -999] 237 056] 549 
5 490] 51 67021] 217 036 570 
6 412] 492 043] 198 016] $591 
PR 3 dee | Wig... gd og 
7 164435176473 75337|67064174178 7299669612 
8 | 457] 455 $| 860 159 9760 633 
9 479] 436 107] 139 957] 654 
5011 417 129] 120 9371 675 
524] 398 151] 100 917] 696 
546] 380 172] 080 897] 717 
54558 76361 6719474061 7277169737 
$90] 342 215| C41 857] 75 
612] 323 37] 022 837 779 
635] 304 258] O O2 817] $00 
657] 286 28073983 7970 821 
67222 6500 301] 963 777] _$42 
$4701[762438|66022 67323 7394468603 72757169862 
723] 229 | 344] 924 737] 883 
746] 210 366] 284 717] 904 
76S] 192 337] 885 697, 925 
790] 173 | 40g] 865 677] 946 
8124 154 8110 4301 845 657] 966 
64334176135 67452173326 72637|69987 
856] 116 473] 806 6177 
878] 097 | 495] 787 597 029 
9010 078 5160 767 $77] 049 
923] 059 538} 747 557] 070 
945] 040 | $19] 228 $37] 091 
64967|76022 74876 6758073708 7251770112 
989] 003 857] 602] 688 497] 132 
65011175934 | 623] 669 477] 153 
033] 965 645] 649 457] 174 
O55] 946 666] 629 437] 195 
077] 927 633] 610 417] 215 
6509017 5908 6770973590 72397170236 
1224 889 730] $570 377] 257 
144] $70 752] $51 357] 277 
166] 851 207 038 337] 298 
188} $32 795] 511 317] 319 
210] 813 8160 491 297 339 
65232175794 67337]73472 7227770350 
254775 Bog] 452 257] 381 
276] 756 880] 432 236} 4ol 
298] 738 9010 412 2166 422 
3200 719 923] 393 196] 443 
342] 699 944] 373 176] 463 
6536417 5680 67965173353 72156170484 
356| 661 987] 333 136] 505 
495; 642 68008] 314 116} Faß 
430 623 029] 294 095 546 
452] 6og 8511 274 O75] $67 
474) 685 A 072] 254 555 887 
65496/75566 6809317 32.34 72035170608 
5180 547 i115] 215 0150 628 
5400 528 136} 195 71995 649 
502 509 157] 175 974] 6760 
BY 48 379] 255) L. 
N col. N fine Ncot..|N fine'N col. IN fine}Ncoſ 
4.99 1 | 47® 46® | 45? 


TABLE IX. PROPORTIONAL LOGARITHMS. 


4759 
4747 
4735 
4723 
4711 
459 
4693 
4676 
4054 


- —— — 


1.4652 


464 
4629 
4617 
4605 
4594 
4582 
4571 
4559 
— 
1.4536 
1525 
4513 


2 6" | 


1.4771 


77 , ES Ho A 
Re rt a8 TH EO 7 
O 2.2553[1.9552 [1.7752 fl. 65325563 
1 [4-0334] 2481] 9490 7757] 6514] 5545 
2 3.7324] 2410] 9470] 7533] 6496} 5534 
3 3 5593] 2341] 9435] 7710] 6378] 552 
43.4313] 2272| 9400] 7656| 6460] 5505 
5 3 3344] 2205 9365] 7662] 6442] 5491 
6 3.2553] 2139| 9331] 7639] 6425} 5477 
7 |3 1883] 2073] 9296] 7616] 6407| 5463 
8 3.1303] 200 g26z2] 7593 390 5449 
9 3.0792 1946] 92280 7570 6372] 5435 
10 3.033417 1883 1.919560. 754 1.6355 1. 6420 
11 2.9920] 1821] 9161] 7524) 6337 5306 
i2 9542 1762] 9128] 7501} 6320} 5393 
13 | 9195| 1701] 9996 7475] C303] 5379 
14 $873] 1642] 9063] 7455] 62800 5365 
15 | $573] 15354] 2031 7434} 6269} 5351 
10 8293] 1526] 8999] 7411] 6252] 533 
17 8030 1469 8967] 7359} 6225] 5323 
18 7782] 1413] 89351] 7355] 621831 531 
19 | 7546] 1353] 3904] 7345) 6201] 5296 
20 (2.7324 |2-1303|1.8873|1. 7324|+-6134 |1. 5283 
21 7112| 1249] 8842] 7302] 6168] 5269 
22 6910] 1196] 88311] 7231] 6151J[ 5255 
23 67171 1143] 3781] 725 6124] 5242 
24 6532 1091] $751] 7238] 6115] 5229 
25 6355] 1040] 8720 7216] 6102 5215 
989] 8690] 7195] 6085] 5202 
0939] $3661] 7175] 6065 5189 
o889] $631] 7153] 6053] 5175 
o840] 8602] 7133] 6037 5162 
2.0792|1.8573|[1.7112|1.6021|i45149 
0744] $544] 7091] 6845136 
obyo| 8516] 7071] 5955] 5123 
06491 8487] 7050] $973] 5110 
ob03\ 8459] 7030] 5957] 5097 
0557] $431] 7010 5941] 5084 
oO512| 38403] 6990] 5925] $071 
0466] $375] 6969 590% 5058 
0422| 8347 6949] 53394] 5045 
0378] $320] 6930] 5878] 5032 
2.0334 [1.3293 [1-6910[1- 5562 [1.5019 
0291] $260| 6890] 5847] 5006 
o248 823 6871] 58321 4994 
0206] $8212| 6851] $5516] 4981 
o164| 8186] 6832] 5501] 496: 
o0122| $8159] 6812] $5756] 49550 
oo81] 8133] 6793] 5770] 4943 
co40] 310 6774] $755] 4931 
ocoo| 8081] 6755] 574 491* 
1.9960] 8055] 6736] 5725] 490 
1.990201. 80301671 [1.5716 1.459 
98871] So Gby?| 5695] 4351 
9842] 7979| 667 [ 568 | 456% 
9803] 7954| 6660] 5665] 4856 
9765] 7929| 664T[ 5651] 4944 
9727 79% 6623| 3636 453 
96890 7879] 6605| 5621] 482. 
9652 73855 6587 | 5697 480 
9615] 7830 6568 5592 4795 
9579 7805] 6559] 857 [4788 
1.9542 1.7782 1.6532 1556314771 
5 * — 


* 


TABLE XI. PROPORTIONAL LoGARITHMS, 


— — 


\ 


oO Ku Gun epwyt =O 


[ 


1.2553 


1. 2410 


»S 0 9 v 
43 Wh Wa V3 V3 wh 


[21 


2300 


— 
2 
Sn 
) 

—d 

+4 


— — — — 


1.1761 


OO" — 


1.1413 


1.9939 


9934 
0929 
0924 
9919 
0914 


1 


1.0512 


2 


. 
00 167009 1 
1.0612 1.0248 

0507 | 0244 
8509. 0240 
0498 o 235 
| ©493] o 31 
| 64891 0227 
©4384 | 0224 
| 0480} o218 
©0475 0214 
0471J 0210 
1 ©0406 j1.c206 
ae: 0201 
0458} o197 
045 0193 
0448 {| o189 
0444] 0185 
0440 O100 
043 0176 
04311 0172 
04261 0168 
1.0422 1.01604 
0418 0160 
0413 0155 
4081 9151 
C4041 0147 
04900 0143 
0395] 5139 
0391 0135 
0386] 3 
0382 0126 
1.03781.0122 
0373] 0118 
0369 6114 
0365 10 
0360 o1chb 
035 C102 
0352| ©cgs 
0347 | ©0093 
8343 O09 
\ : 
0339| cos; 
1.03341. C081 
0330 0077 
0326 0073 
o 321 oobg 
| 25 ook 5 
2315 COUI 
oz308 | 0057 
©304| 0057 
0320 | 004g 
0295 | 004+ 
1.0291 l. 0040 
o0287| co036 
o282 | 0032 
0278] 0028 
0274 | 0024 
©0256 | 0020 
0265 | oo16 
©o261| 0012 
0257 ooo 
0252 | 0004 
1.9248 1 »-©COO 


— — 


— CTC 


Tarrr IN, PROPORTIONAL LoOGARITHMS. 


ER FR 3h LR 58 1 ''h '}h | kj 
8. ſoe 18% 107% 2040® 21% 22/19? 2410? 24% 25408 26% 2e 28000 295 
— — — — — — — — — 5 
O ICOCO| 970% 9542 9331 C 12 275 5751 3573 407 8239 $08 t 7929 
l 9990} 9761] 9539] 9327] 9125 $932, 074%) 570] 840. 8236 8079 7026 
2 | 9992] 9757 9535] 2323] 9122] 8929 $8745] $567] $397] 82340 5076| 7924 
3 | 9983] 9754| 9532] 9320] 9119 8926 8742] 8565] £395} 8231] $073} 7921 
4 | 995 975%] 9525] 9317] 9115 8923 8734 3562} $4392] $228] 8071 7919 
5 | 998 9746] 9524/93130 9712 3 2 | 8736 8555] $384] $225] 8068 7316] 
6 1 9521 9370! 9105 2917 8733 560 $386, 82230 8066 7914 
7 | 9972] 9735] 951 | 9300 910 oc 13} 973 8553 8383 8220 8063 7911 
0 | 955 57251 957 9305 9102 891 727 888 8381 5217 $560 7900 
9 | 9904] 9731} 9710/ 9300 go! $907] $724] *347|] $378] 8215 8058} 7906 
5 e eee eee, . 2— 
10 996 Q727] 9509} 9290} 90 6] $904 $721 $544) 8375 8212 8055 — 
11 9955] 9723 9503 9293 9092 30011 8718 8541 8372 9209 3053 7901 
2 | 9952] 77260 9499} 92 908% 8898} $715] $539] $270] $2079] 50595} 7899 
13 | 9948} 9716j 9495] '9286| 9086 8895 $712] $535} 8367 $204! 5047] 7896 
14 99441 9712] 9492 9282 9082 88 1 3709 $537 8364 8202 804 6 7894 
IS | 9940} 9 9488} 9270 907] 8888} 8706 8530] $361] $199 80443] 7891 
16 9936 G70 9485 9276 go72] 3885] $703} 8527 $358] $196] 8040} 7889 
7 9932 9701 9481 9272 072 8882 Soc 8524 8356 5194 8037 7886 
18 | 0928] 9697] 9478] 9269] go7of 8879] $607] 8522 $353} $191] 5035} 7584 
: I9 | 9924 9693 947. 9265] 9066 $876] 8694 8519 3350 8188 8032 7881 
20 920 9089 969470 9202 9063 8873 8691 8516 8347 8186 8030| 7879 
21 | 9916] 9636] 467 9259|- 906 887 8688 8573 $345] 8183] 3827 7877 
2 99% 2] 682 9493] 9255 9056} 8867 86 56857 8342 8180] $024] 7874 
2 9908 9678] 9459] 9252| 9053] 5564 86:2 850% $339} 8178] 8022 7872 
24 | 9905| 9675 9456 924% 90500 8861] 86% 8504] $337] 3175] $020] 750g 
25 | 9901] 96-1] 9453] 9245] 904 $357] 8676] 8501] $334] 8172} 30177867 
26 | 9857] 9667 94494 242| 904- $854] 8672 8498 8331] $170 8914 7864 
27 [9895 9664 9446| 923%] 9041 $351] 8670] $496] $328] 5167 801217862 
28 9389 96600 442 9233] 9937] $348] 887 8493] $326] 5164] 8009, 7259 
29 | 9885; 95656] 9439] 9231] 9034 $04.5 5664 8490] $323] 5162 Soo 7857 
30 | 9581] 9652] 9435] 9228 9031] 5842] 5661] 8487} 8328 8159 8004| 7855 
31 | 9877] 9948] 9471} 92250 9027 $339] 8653} $48} $317] $157 2004) 7852 
32 | 9873] 9645 942 | 92210 9024] 8836 8655! 848 $315] $154} 7999 7849 
33 | 936g] 9:41] 9425} 92180 992 8433] 8652] 8479 $312] S152} 7997] 784 
34 5865 4637] 9421 9215] 908 8850] 5649} 8476} 5309] 8149 7994 7344 
35 | 9861] 9634] 9417] 9211] 99150 $827] 3645} 8473) 53061 814% 7994, 79.42 
3 488996301 9414/92080 9012 $24] $643] $4.70] 8304] 3144] 7959} 7540 
37 | 90354 $930! 9410| 9205} goo? 5820 8640 8467] $301] 8141} 7986 7837 
33 | 9850) g623! 9407 9201 900 ff 8817] $637] $464] 82980 $138) 7984, 783 
32. | 9946! 9619] 9404| 9198|_9002| 8814] 5635) 8462) B96) Br36! 799 11 7232) 
40 9842 y615; 9400/ 9195 8999 8811 563208455] 8297 8133 7979 7830 
421 9838 9612) 93960 9197 $2945} $805] 5629} $456 8290 1239 7976 7827 
29834 9608 9393 9188 $992] 8805 8628 84.53] 82880 81280 7974 7525 
43 | 9830; 66389 9185 8989} $302} 5623} $450 8285] 81250 7971] 7823 
44-| 9826] 9601! 9386; 9181} 886 $-99j $620! $448] $282] $122] 7969 7820 
459823 9597] 9383 2778 8983] 5796 8617 44.5} 8279] 81200 7966 7818 
46 | 9819} 9597 9379; 917 5} 5950 8793 $614] 8442] $277] $117] 7994| 7815 
47 9875 9590 9375 9171 897 8700 8617 8439 8274 8115 7961 7813 
48 | 9811, 9536} 9372 9163| 8973] 8787 $608} $437 $271 $112} 7459} 7811 
49 | 9807] 9552} 9368; g165) 8970} 8784] 5605] $434 $2.65) 8105] 7956 7808| 
50 | 9803] 9579 9365| 91610 3967] 8791 8602] $431 $2.66, $107 7954 7805} 
5198000 9575} 9362 9158 $9643] 8778] 8599 8428 8263 8104] 79510 7803 
52 9796 9571] 9358] 9755 8960] $775] 8596 8425 8268]. $102] 7949 7801 
53 9792 9568 93580 9750 8957 3772] 8593] $422} 82580 5099 794.6] 7798 
4 | 97885, 9564 9351] 9145 8954] $769] $591] $420] 8255] 8097 7944] 7796 
55 | 9784! 9560| 9343] 9145] 5951] 8766] 8585] 8447] 8252] Bog4| 7941 7793 
56 | 9780} 9557j 9344/9141 $948] 3763 $585 $414] 8250 $091 7939 779! 
57 | 9777] 9553] 9343] 9133] 8945] 8766 8:82] 8411] 8247] 8 7936} 7799 
58 | 9773] 9549] 9337] 97350 8942] $757] 8579] $408] 5244 8086 7934 7786 
59 ( 9769] 9546] 9334; 9132| 393% 3754 8576] $406} 8242| 5054] 7931 7784lþ 
bo | 9765] 9542 TIT 9125} $935} $751} 8573 —— 3239 80811 — 7752 


TABLE IX. 


PrRoPORTIONAL Log ARIT Hus. 


t 7 & Wd. 5 Y, : 
$: jo? 20Jo® 310 32 33 14'| 35% 367 
© | 7782] 763900 7571887112 6g5; 
3 | 777+] 7637] 7499] 7365] 72:6] 71: { 98! 
2 | 7776] 7634| 7496] 7363] 7224} 7203} 6986 
3 | 7774] 7632| 7494] 7391 214 7106 6984 
4 | 7772] 7639] 7492] 7359] 7224] 71044 582 
$ | 7764] 7627 7490] 7;5(] 7227| 7102] 698 
6 | 7767] 7625] 9483] 7;54] 7225] 7100] 6978 
7 | 7764] 7623] 7455] 7352] 7223] 7097] 6976 
8 | 7762] 7620] 7483] 738 7221] 7095 6974 
1 77604 76183] 74%1] 734%] 7219] 93 6972 
10 | 7757] 7616] 7479 7345] 72166 7041] 69;0 
11 | 7755] 7613] 7476] 7343] 7214] 708% 6968 
12 | 7753] 7611] 7474] 7341; 7212] 705 J 6966 
13 | 7750] 7609] 7472 732% 210 809 
14 | 7743] 76c6| 7469] 7337} 2208 7083] 6962 
15 | 7745] 76c4] 7467] 7335] 7206] 7081] 6y6c 
16 | 7743] 7602] 7465 7332; 7204] 7079j 6955 
17 | 7749] 7539] 7463 733⁰ 7202] 7077] 6956 
18 | 7735] 7597] 7461] 732 72cc| 7075] 6954 
19 | 7736] 7595] 7458 7326f 71971 7073 6952 
29 | 7733] 7592] 7456} 7324] 7195} 1071] 6950 
21 | 7731] 7550] 7454| 7322} 71931 706g} 6g45 
| 22 | 7729] 7588] 7452 7309] 7191 70671 6946 
2 7720 7585] 7449 7317! 7189] 7065! 6944 
24 | 7724] 7553] 7447] 7315 7187 7065 6942 
25 | 7721] 7581 7445] 7313; 7185} 7061 6940 
26 | 7719] 7579] 7443] 7312] 7183] 7059} 6938 
27 | 7727] 7577] 7441] 7309} 7181] 7057; 6935 
23 | 7714] 7574| 7435} 730607179 7054 6934 
29 | 7712] 7572] 7436| 7304} 7177 70520 6032 
307710 7570] 7434/ 7302} 7175] 7659 6930 
31 | 7707] 7367] 7431 7300| 7172] 7045; 6928 
32 | 7795] 7565 7429 7298 7175| 7045 6926 
33 | 7793] 7163] 7427| 7296, 71680 „C4 6924 
34 | 7700] 7560] 7425] 7293; 7166| 7042, 6922 
35 | 7699] 7558] 74230 7291} 7164} 7040} 692- 
36 | 7696] 7556] 7421] 7259; 7162! 028 6918 
37 | 7093] 7553] 7418] 7287 7160] 7035; 6916 
33 | 7691] 7551] 7416] 7255! 7158] 7034! 6914 
39 | 7655] 7549] 7414 72S 31 7156| 7032! 6912 
40 7686] 7546 7411] 7251) 7153} 030, 6910 
41 | 7083] 7544 7409 7278 7151] 7028! 6908 
42 | 7081] 7542 7407] 7276; 7149] 7026, 6906 
43 | 767] 7549] 7495] 7274] 7147] 7024! 6% 
44 | 7076] 7537 7403 wm 7145 70227 6902 
45 | 7674] 7535 74<1]| 7270] 7143] 7020} 6500 
40 | 7672] 7533} 739%] 7265] 7141 018 6898 
47 | 7669] 7531] 7396] 72C6} 7139] 7016! 6346 
4&9 | 7067] 7528/0 7394} 72% 7137] 7014} 6494 
49. 7665 7526] 7392] 7261] 7135} 7012; 6592 
507662 7524| 73359] 7259 7133 16 6850 
51 | 766c| 75220 7387 7257] 7131] 5068838 
52 7053} 7519 7385| 7255! 71253} oO 5885 
53 | 7655] 7517] 7383] 72531 7126. 7004! 63% 
547153 7515 7381 7251 712 700 2 6582 
55 7651/7512 7373] 72480 7122} 70co! 6880) 
50 | 7e45} 7510} 7376 72460 71200 6955! 6378) 
6 7646 7508 7374/7244 7119] 6996| 5377 
58 | 7544] 7505} 7372] 7242| 7116| 6994] 6875 
21 7641] 7503 7370] 7240] 7114] 6992] 6372 
60 | 7639] 7501 7368| 32331 7112| 5990 6871 


| 
| 


_ 


a HL E445 Gd & 
X12 with of vil. nt. ol OM 
eh 675<| 6642] 65320 25 | 
09] 675? 66.4 653114425 | 
+ 67] 6751 6635] 65200421 
63651 6 4g] 6637] 65270642 | 
68631 0747 6635 952 6413 | 
6861 6745] 6633! 65230416 
6553) 6743] 6631} 652414 
6857 0741 0h20 551 112 f 
68550 6739] 6627] 651716411 | 
E853] 6738] 6625] 6516! 4 | 
6851] 6736] 6623 981 6407 
6849 6734 6621 6 9. 0 
6847] 6732 6629! 510 | 
6545] 6736618 65:c5}'4c2 | 
6843) 6728] G61", 65." 4-5 | 
6841] 6726} 6514] v5 333 
6839 6724 6652! 6504 247 ö 
683 6722 651 680 39 2 
683 300 6-21 6:99] 65 02 j| 
6834 0719 6607 +% [ 
68 32 6717] 6605; 64 1 
68 300 6712 66 :| bay 38 
6828 6713] 66-1} 6442 | 
6826 6711 6599 645 
6824] 670: 6595] 648 383 
6322 6707 65 To 643 - 5381 
68 0 670 65394) U4> 51137 
6% 15 670: 0592 648 163 
6810 07 2 55 | 0.4. 3 
68140 6700; $555| 6450/23 
68181 6098 0587 147 72 
5810 6690 65855] 0776 517 
„806694 0533; „4% 0% 
6907; 6692] 6581] 64; | 
6805! 669: | 6579, 64 | 
6503! 668% 6577] 6460/3673 | 
6801] 6687] 6576| 46 3% 
6799; . 9574 5468 Tel 
6797 653 9 5 2 6404 255 | 
0795, 6637]. 87 2402 0357 
5793 667 6679] v5 58 940000355 
6791 6577 6560! 645 353 
7891 66576 6505 5457 446 | 
6737 657 6559 5455 4 
6785 672 6 5 5657 oo” 148 | 
6784} 6676 655% 64511624 | 
67820 6068 6555! 6440 634. 
6750] 6606; 6556; 64496342 
6778! 6664] 6554 64460341 | 
6770] 6662 6552) 6444 339 | 
0774 6688 555% 6442 033; 
6772] 6659] 6548] 6441/5330 
6770| 6657] 6546! 6439 6334 | 
6765; 66551 6545 6437 332 
6766 6653] 6543) 64350331 
5764 6651] 541 64346329 
| 6762} 664% 65 39 64326327 
67610 6643] 6535/0 6430/6325 
6759] 6646] 6536] 6428|5323 
6757] 6644| 6534/ 642/322 
6755! 6642" 6532) 642510320 


TABLE IX. PROPORTIONAL LOGARITHMS, 


— —— — — — — 
| h 8 LED. y [1 1 h | h E h = 0 h '1 h 1 
D e 
© | 6325 0215, 6115] 21 5925 5832 57 $651 $5 3 5477] 53935310 
1 f 6318 62160 6140 6019 $923] $530! $739; 5949} 5501 5775 53915388 
| 2 | 6317] 6214 6115] 6917 5922] 58280 5737 554 $500} 5474! 5390; 305 
| 3 6315 6213] 6113] 6016] 5320! 5827] 5736! +545 5559! 5473 5389 30 
| 4 | 6313] 6213] 611 6014] 591g] 5525 5734 645) 5557! 5471} 53875304 
5 | 6311] 62c9 6110] boi2] 5917] 8824 733 5643} 855% 5470; 538/5303 
6 | 6310] 6208 6108] 60110 59160 58230 5731 5642] 5554 549 5384 302 
7 | £308} 6206, 61:6| 600g] 5914] 58210 5739; 5049] 5553] 847 53835390 , 
$ | 6306] 6204, 6105) boos] 5/12 5519, 5728 5639 55510 5455} 53515299 
IS; 6305] 6293 6103 6006] 5911 5815 5727 5657 5559! 5404 538015298 
10 63 z 62010 6102} 6014} 5909 5316) 5725 5636} 5545; $493 53795296 
1301 6199 5700 6003] 5908 5875 874 5034! 55471 54211 577 
12 | 030% 6198 6299] 6:01] 5906 5873 5722 5635! 5549] 3469! 5375294 
x3 | 6298 6196 6097 boo0] 5905| 5312} 5721) 5631) 5544} 5455} 3374292 
14 6296 6194] 6095} 599 5903] 5510] $719) 593% 5543) $4571 537315291 
15 | 6294] 0193] 6094] 3997] 59 2] 8809 5718 5529; 5544} 545%! 53720290 
16 6293 6191] 6292| 5995| 5200] 5807 5716, 5627) 5540! 5454, 5378/5 88 
17 6291 6189 6090 53993 5898 5805 5715 $026] 5538; 5453 535915287 
18 62801 6188 6089 5992 3997 $504} $715 5624 553, 5452 5368052853 
12. 523725188 657, 222235828212 5623] 5535} 5459] 539015254 
20 | 6236! 6184 60860 5953| 58940 5801] 5710| $621} 5534] 5449 539515253. 
21 | 6284; 6183 6084] 5987] 5892] 5800| 5709} 5620] 5533] 5447] 530413251 
22 6282 6181] 6082] 5985] 58980 5798} 5707 56315] 5551] 5446 536205280 
23 5281 6179 6080 59354 5889 5796 5706, 5517] 5530] 5444] 536115278 
£3 pat; $4441 6079] 5992] 5555} 5795 5704} 5015 5525] 5443]. 535915277 
25 | 6277| 6176] 6077] 59%0] 5886 5793 5703 5914] 5527] 5441 535805270 
26 | 6275 6174 6975] 5979] 5884 5792 5721] 5612] 5525} 544% 535915274 
27 | 6274| 6173 6074| 5977 5353] 5790| 5700] 5611] $524} 5439} 535515273 
28 | 6272| 0171] 6072 5976] 5581 5789j $638} 5509] 5522] 5437] 535415272 
a . B be 70 616y| 6071 5974 88g 5737 5647] 5608] 5521] 5439] 535213270 
30 2069 61680 6069] 5973] 8780 57860 695 5607 55200 54 50 53510269 
31 | 6267 61660 6467 5971] 58700 5784 56 sees 5319) 5433] 8389/5268 
262650 6164 60660 5969] 5375] 5753} 5693} 504 5517 5432] 53485266 
33 6264 6163 6064] 5968} 5874 $731] 5691] 5602] 5516} 5430} 53475265 
34 | 6262] 6161) 6062] 5966| 5572} 57700 5039] 56011 5514) 5429 534505204 
35 | 626-] 6159] 6061 59640 5870 5778 50880 5599} 5512} 5427 53445262 
366259 6153] 6059] 59630 5569 5777 56860 5598] 5511 5420 534315261 
376257 6156 6058 5961] 5357] 5775] 5850 589% 5510) 5425! 53415260 
38 255 6154] 6056 596c| 58660 5773! 5532] 55950 35080 54230 5340 5258 
32 6254 6153/6055 5958 864 $772] 50810 £c94] 35 11 5422 53395257 
| 40 | 6252| 6151] 6053] 5957] 53-2] 577% 5688 $592] 5505| 5429] 533715255 | 
41 | 6250] 6149, 6051] 5955] 5592] 5769| 5679] 5540} 5504! 5419] 533615254 
| 42 6248 6148, 605-| 5954| 5860| 57605677 550g} 5503] 5415} 533515253 
43 | 6247] 6146| 6043 5952 5358 57% 5670) 5587 5501] 5416] 533315251 
44 6245 6144 6046 59500 58560 5764} 5674] $556; 5500} 5415} 533215250 
45 6243 6143| 6045 5949} 5355] 5763} $973] +555] 54980 5414} 533115249 
46 | 6241| 6141] 6043] 5947} 5853] 5791] 5671] 55830 5497 5412} 532915247 
47 | 6240| 6139 6041] 5945| 5852 5760 70) 5582} 5495] 5411] 532515246 
48 | 6238] 6133] 6040 5944} 5350] 57580 5669 5530] 5494] 5409] 532915245 
49 | 6236] 6136] 6035] 5942 5849 22 366% 829 2 5405] 532515243 | 
5o | 6235] 6134] 6037] 5941] 5547] 57550 5665 5577] 549% 5406} 532315242 | 
51 | 6233} 6133] 6035] 5939} 5846 5754 5664! 55700 5459] 5405] 532215241 
52 62310 6131] 6033] 59380 5844] 5752} 5% 2 5574| 5495| 5424] 532115239 
53 | 6230} 6130| 6032] 5936 5342] 5751| 5661| £573; 5487] 5402] 531915235 
54 6228 6128 6030 5935| 5341] 5749 5660, 5572] 5436] 54-1] 531515237 
55 | 6226| 6126| 6028] 5933! 5839] 5745! 5655. 557%) 5454! 5399] 531715235 
56 | 6225] 6125) 6c27] 5931} 5833] 57460 565% 5569 5482] 5398] 5315 5234 
57 6223 6123] 6025 59300 58360 5745 5655, 5567) 548 5397] 531815233 | 
58 | 6221] 6121] 6024 5928] 5335] 5743} 5654 55 548% 5395 531215231 
_59 | 6220| 6120) 6022 5927 58330 5742) 5652 5564! 5475} 5394] 531113230 
bo |'6218\ 6113] 6021] 5925] 5532] 5740] 5651) 5565) 5477) 5393) 531915229 
— ——— TT —— — —— 


TABLE IX, 


PROPORTIONAL LOGARITHMS 


— — 


Fe” 1 
S. ſos n 
2 4 5570 56005 70 8 9 
o | 5229! 8140 5 x _ c_—_ — 
, OY 5149 5071] 4954 7916 4344; 
5227 5148! 2060 4992: 4 > 
2 | $226 254%) T9201 $9997 49571 4543 
3 514% 5065} 4991; 45160 4542! 
3 | 52251 514 205 ancc - 
. 5057] 40%, 4315} 4841 
+ | 32230 5144] 565 4939] 4913] 453% 
3222 142 3064 48 111 
2 | a 3 5064 45 | 4912, $939 
n 4986 49174837 
- . 9 5140 5962 4985 4100 80 
| $ | 5218] 51380 506c 287 25 8 1 
9 | craze 3” » — 4954 4900} 4934! 
% Q 191 = - ” 22 4 „ = 18 a? 
2 4 132 259 4553] 4997 | 4533} 
xo | 5215| 5136 5058] 4981 4406] 48321 
un | 5214! 5156) 5056] 4580 4505] 4831 
w $213) 5133) 5055 4979] 4993 4830 
1 5211 5132 5054 4977] 4902 4828 
” - = - a | — 4 7 * 
4 4 513 5053 4976) 490! 4827 
+: OE] 5129] 505 4975} 490C 4826) 
by} $307] $125] 59501 4973] 42950 4224 
T | 520 51271 504g} 4972) 48 37 4823 
x8 | $205} 512 18 861 4822 
1 225 2 | 5045} 4571] 489% 4252 
J © ws) ÞÞ bong 5046 4970) 4895 4821 
r 
520 | 5125045 4968] 4893} 4820 
21 pts $122 504. 4967 43892 4819! 
22 EY * > l Sy 
: 3194} 5120} 5042 4966; 4891/4817 
++ 519 | 5119] 5041 4963] 4890| 45:6 
* 5197 5118] 50404964 458904815 
5 27 3116; 5038, 4562] 4:37] 4513 
26 | 5294) 5115| $037] 4923 4336] 4512, 
- 575 3] 5114 593%, 4950| 4385| 4517) 
a 5191 5112 5035 4558 485304810 
9 | 5190} 5117 5033 4957| 482 450, 
30 | 5159] 5 —_ m_—— 
- e 455004581] 480 
3 5187 518 5231] 49551 4880 4800 
32 | 5156! 5107, 5030 4553 487%} 4805 
33 5185 5106 5028 4952 4877 484 
34 3183 5104! 5027] 4951} 4876 48 
35 5182 5107 -026| 40 80 4 * 8 1 
26 51810 5 eee, ee 
5 5102| 5025} 43949} $574] 10 
27 | $179! Sicc! 3023 4947) 4872 47 
77 5 72 2 5923 + x 4872 4790 
38 | 5173! ogg! 5 22 4940] 4571 8 
- Kat & 4 922 77 4571) +759} 
39 | $177; 5093} 5021] 4945 48700 4797 
O T7 2007 | 14 WN SSI | 
7 2 Ei 2 22 4209] 127 
3175 5095 5018, 494 4 4794] 
[95731 5-94] 3077 4541 4500} 4793 
43 | $371] 5093} 5215] 4940! 4505] 4792 
— - ' 5 
44 | 5170] 5 91% 5014/49380 4864 4790 
45 | 5199! 5090] $013] 4937; +- 3 4789 
4 5167 5089} 5012 49360 4861, 4788 
47 | 5166| z087! 5010} 4934 456 4787 
48 5165 8086 . 140221 aRc a 4 
| 2362! r 59 4720 
49 3 5085 508 4432] 4858 4784 
a | 26 n e e r 
30 N 50%. Sccb 4931] 43561 4753) 
- ak _ 50 4930) 4855 4782 
| 5 3153 50S 1] 5004, 4925, 4554) 4791 
0 5003 4927 4853 4750 
54 5157 50/9 500 4929 48 520 4778 
1588 8077 * 4 os» ai aY- ay 20 
— 5 55 5077 500 4724 4550 47771 
56 5154 50760 4999 4925 4249} 477 
— - | : 3 
57 | $153} 5275 4998 4922| 4543] 4775, 
5 575 5073] 4996| 4921 48464773 
59 | 5150] 5072! 4995 4919] 4345] 4772 
bo | 5149j 5071 4994 4935, 4544] 4771) 


4711 
4710 
4709 
47 8 
4 


„ 3% 11% 1h 7 
= al Tin al 31 440 £ 
7777 759 4729 455% 4491/4424 
3770 4698| 4627455 (440/22 
476% 40%, 4626] 4557 443014421 
47680 4696! 4625! 4556; 448890 1429 
476) 4694) 4625] 4555! 448021 
4765) 46% 4623! 4553] 44851441 
476 4692, 4522; 4552} $4*5[4+3 7 
47031 4691 402C| 4:11 44) 14.416 | 
4701, 4699! 4619 4550} 44821441 
476c| 4589 4618 44%} 445114414 
1468. 7517 748 re 
* 1 + 447 +12 
4758 4686 4616| 47471 4475/4411 | 
4757) 4055 4615} 4546} 447 þ ro | 
4755] 4684 4613] 4554| 44376 4 
47 54} 4683 4612] 4543] 4475[44-* | 
4753] 4532, 4611] 4542] 447+|++c7 | 
4752| 46800 4610| 4542] 4473]4 46 | 
4751} 4579] 4604] 4540] 4472 [440+ | 
454678 46c8| 453% 4471] 404 | 
448 4677 46-6| 4537} 44% | 
7 40% .6c5| 4536] 4468[44-1 | 
746 4675 4 04] 4535] +467]44c0 | 
4745 4673] 460 4534} 466 90 
474; 4672] 4602] 4523] 44 (%% 
4742] 4671] 4601 4572 4464 30% 
47410 467c| 46 4530] 44% %% 
275 4669 458 4520} 44 295 | 
473% 4668 4597] 4525] tee * 
7371 4666; '4556 4527 445%; 1 
43% 565 459 | 4526] 44% 
7735 75. 75940 4525] 44574540 
4733/4663 5930 4524| 4456147 
4733 4961, 4591 4323j 4455 
4732] 466% 4590] 4 22 44544307 
47 3c 4654y! 4559 452C| 4452 5 | 
4729) 4658 4588] 451+} 44514355 | 
47280 4657 4587 4518] 445c4354 | 
47270 46560 4536| 4517] 444 2 | 
4725] 4554 4555] 4516] 444*[4351 | 
4724] 4653] 4384] 4515| 44474350 
4723] 4652 4552] 4513] 4$4$9j}437 | 
4722] 4651; 4551] 4512] 4445[43” | 
4721} 4650] 4580 4511] 4444/4377 | 
4719] 4645 457+] 45219] 444214379 
127 2647) 6578] 4509] 44411457 
717} 4046! 4577] 45 444<14374 
47160 4645; 45750 4507 443914372 | 
4715! 4644 4594} 4500 4438427 | 
47144643 4573] 40 443714372 | 
4712| 4641 4572] 459:| 4436/49 | 
Lhe 


4502 4435/4365 
4 Ol; 4434 4367 
4500! 443 2214366 
440% 44314365 
4408 44 3 436 


—————————— 


4490} 4429 +393 
4495, 443014355 


4494] 442714391 
4493! 442 6|. 4359 
4492| 4425438 


4491] 443 4424/4357 


— 


TA 
BLE IX 
. PR 
OP 
ORTIONAL Los 
HMS Oo 


| 
a Ek 
8 0 h | 
11 „0 | q | 
— 3 22 oh — b * 
o | 4357 — 8010 * 8 
33 5 17 ? 
1 r 4 22 i | 11 10 h P 
6 2 | 011 f 
4355 4290 4226 4163 4102 17 12 15 5 | b 5 
3 4354 0 4225 63! 41 4040 397 l 14 1 
4 a 54 4289 J 4.162 * 01 403 3779 2 14 ji 10 8 nh - | 
TH 4353) 3 eh pm Hugo 4028 3975 591% 3860, 35 76% 17] 
13 43521 4 y 4223 410 409915 $9; 3977 3918} 3559) e 3 ; 
435 | ” J 4222 1 4 & " oat 4037 Pl 3917 35591 28 ' 3745 26 
7 51 280 222\ 4159 9 ' 3970 2 3858 01 37 5 3085 
BS | 4349] 3 4221 4 591 4897 ae as 24 S942 fa 380 44 3® * 
8 434 4204 422C 1158 4 / 4 1 39 J 2916 3097 - 742 2 * 
f 9 Fo | 4283 3 4157 : - ; þ 3774 2 * 6 1 944 f 60 
— p 414 74 2 4216 - r 1287 15 aV 7 Q 1 268 
L * i 4282 / 'F- 11 L „ AY a J 3 PF m 5 
I. 2h i. ues 121 z0; 2 _ ng 3914 * 2797 74* 2 
| 4346 LES | 1 'Y ih 3972 * 38 54 a / f 27 56 4 
| Fx: — 2 415 INE 4 3854, 37 40 3683 
| | 4745 11 4217 ot >) Hh ant ans 53 3971 22 3853! 3796 37? 3682} 
' 3 N a —_ f — 12842 * ” 27 9 
| 3 | + 4279 42 41531 1 4 3! r ) 11 4 * 3 }& | 3/3 3682 
| 14 | 375 278 2150 4152 4090 402 390 Us. JESSL 37 37371 368 ö 
| * 4342 . 4214 4 52] 4-89 4929] 3068 39100 385 223.215 3680 
| | 5 434 7] 42 ; 4151} 400 28 ge | 3999 3551 375 —— 3570 | 
| 16 341 3 | 121 4 41 280 J 67 282» 32 2 9 
| | | 43 | 276, 42 $5 JV 2 4027 1 3905 J © T4 | 3735 ?< | | 
| 1 17 340 170 42121 £14 4037! gc / | 3966 8 3849 $791! 1 3678 
| | 3 2751 42 tag 491436 4026! 3c 3907] 38 »| 37 | 3734] 367 
| f 18 433) FTE | 4211; 414 4 3020 3965 . 3848 3791 373 | 3977 
| $330] 4275] i in4/| + 6 on 3965] 5% 59 50 E 
e 4 4 „ 47 * 408 4 "Y 5705, . 37 * 2 5 17 
33 _— ap = p — 4 1 3963 a [ $46 9 7 J 4 
| 20 | 4335 ond 4207 4145] 408 925 2062 $904 8 663788 225 3676 
| 2114 35 4270 R 3] 4032 402} 3903; 545 2587 3730 * 
| 4334) 42 4266 4743 „ 3903] 3944 3787] 3729] 3974 
22 — | | 4147 4921! p 3902 | AJ my 
| 4333 44 $a q 43) 4981] | 3960] 3' 21 3543 4 3728 3973 
3 | 4 * 465 4568, 4142) 4 & $4 2 3001 3842 785 3 3672 
| 24 42274265 4 4141 40801 4 . 395 500 3842 3584 372713 dy 
2 / 201 ; | 0 | 190 - Eo 9 of 27 3 
vt 25 —_ 4266) s. 414 4070 4018 395-| 389! 3344] 7 35260 3670 
F | 202 AC? 89 aer . 7 WJ 18 13 4 
| 26 3300 4265 2 41 1078 45 3957 3 | 3793) 3725 —} 
' ' 5 | 3 4 4017 8 | 2 . 6 
* — 4264 42014135 4077 4010 3950 TY 3391 37221 377 3669 
| 28 | 42 | 4 9% 6 NED OY 711828 37813 2668 
| 28 3 4263 * oO 4137 40 #1 401 395 3 4 3838 - | 3724 Jeee 
1 29 4327) 4262 4199] 4136 407 5) 40 5 3954 6 3337 3780| 3723 * 
29 | 4326 2 4198] 4 360 4074 514 395 896 3836 3770 3722 3666 
6 1 * 17 39 i / 0 79 — 6 
30 —— 8 261 41 | 4135 þ 74 4513 — 23. * 11 3778 3722 266 | 
| 4325) 4197| 413 ny I ME 3394) 3335) 3757 - 20 a 
31 3 51 426 ' 122 34 40 5 4012 5 4 28021 * 3797 721 26 | 
* 4 —— 572 5 20 1 282 | F 3 6 
| 32 1523 4253. 41/6, 1 4011 595 232] SI] 3776 4 36650 
| 33 4322) 4257 4195 £122 4071) 40 | 3950] 3821] 3933] 3775 213 3661 
| 3 4327) 42 5h 4194 „ N 394 2 1 3715 n 
4 4320 256 41 ba 4131; 406 40059! 7. 4 38 o © [_3/ 7+) 2717) 3662 
| a yon 9 3 280 3830 — 3661 
| 36 | 43 1 ache 91] 4129 568 4007 3947! 3588 3830 3772 3716| 7660 
| 37 | 42280 423304175, * 97 3946 887 629 3771 3715] 3% 
53 : 90 18 1 . 00 * %2 . 7 9 | 5 3 2 - 4 
38 3 4252 418. 4127 N 4005 3945 28865 3528 _ 3714 ; 520 
| : 316| 4254 4155 4126 4065 40 5 3944 885 3827 3759 3713 3658 
' = 2 Fi | : —þ 7 , | » & 
tb 3%4_43151}_425 4187 4064 4 4 3943 85 3826, 37 9 3712 3957 
5} 42 71 4125 4 902 7 2884 py 4 712 
40 —— 50 » 251 | 4003 31 2 8 » | 3 1 | 6 2 
| 4313 4186| 412 4063 4002 3942 1584 3225, 68 3711} 3636] 
| 41 3 4249] 4185 4124| 4062 4002 39 38821 824 3768 3 1655 
4 4.312 * 2 4185 92 40 ' 3941] PP Ss 3524 1 3710 0 551 
| 2 4311 4245 4780 4122 4 * 01 3040 — 3323 3767 370 65 
| n 4 4121] 4560 4580 397 3582 3823 7660 3708 3653} 
| 44 310 4246 4183 412 40600 3999 3939 — ä 3765 708 3672 
| 45 430y; 42 7 418214 20] 4059 3 9 3938 — | 3821 p | 3705 55 
1 46 4308, * 56 4181 119 4057 3993] 39 * 5879 3820 3764 370 [ISIS 
j ? - ».. 0 4 \.4 : 3 17 * * 
| 47 4307 8 4180 29 18 4550 39 7 3 2 388.1 2 37063 = 2650 
| I i , 208 930 * # — 9 — 78 0 
| = | 999 9548 4078 17 4053 3995 I 1770 3768) 3 ;| 3649; 
4 241] 4 4116 405 3995 3 35] 3376; 38 11 3761 1705! 3649 
| $304 454 427804 | 4054] 3093 3 813 376. 2 
N 4 40 2115 5 3997 pb 1 Vac! 18 | 276-| 3704] 36 
3 42 | 4177; 41 5 40531 3 31 3933 * 1 pete d-| 3704] : 48 
| 50 232 4156 14 4252 39921 3 4 3874 38 f 3759 5 | 3647 
430 f 614 | 521 3 3932 28 F 38100 } . 3 G2| , 
| 51 3 218 | 113 405 39 1 | 3873 2 3782 —_ 1 645 
| 4302 ad 4175 4 28 * ( 39310 3* 3 38151 2 3701 . 
| 52 4 — 4237 5 4112 24 acted Y TY * "| 2757 5 1 3645 
| 53 300 423 4174 | 4050 * 3 287 3 ee, 3700 26 1 
42 ;6 41 4117) 4 399 9. | f : 2812 * 2 a 265 ; ; _— | 
54 99 42 73 491 3 oo 392 \Q 2 I a= - x 3939) Sas 
55 4298 + 35 4172 4110} 4048 5999! 3928 357 5 . 3098 3043 | 
42 2| 4709 480 3937 39280 3865 1 cp we” 1642 | 
56 99 . 4171, 4 9] 4247 . 3927 EO 3301; 37 54} 36! — 1 
4296 33] 4769 1080 4040 3986} 3325 868 3810 3753 697] 3641 
50 429 ee 4168 4107] ps 3985 325 3867 5820 3752 3636) 364 
| 3995} 397 3867] 3006 37 520 3695] 40 
* 5 42 5 4231 4 6 4106 ow 3584 9 1366 » Q 4 3751| 3790 363 
59 94 42 167 4044] 398 | 3924] 38 3808 3 3694 59 
7 A 4293 30 4166 4105 4043 3983 392 i 3865 3807 3750 369 Fl 2638 
60 4393] 4229 4104 3| 3952 230 3364 3740 31 3937 
4 — 4165 40 * 3806 : 49 36 ' J \ / 
292 4165! 4103 42] 3981 3922] 386 749; 8 
4 10 3981 86 , 626 
228 — 40 I 292 | 5 380 3748 16 | 2935 
4164 1 358 | 3921 862 95 37 * 3091 36 
| 4102| 49 — 3920 * 804 6 47 36911 3939 
4 - — 3861 a? 3745 26 | 3535; 
39/ 4 | 3 * 3503 0 = 3690 2222 
3919 286 —— 3745 705 3534 
: | 5 oO! 3802 1 * * ; 6* * 
| 3745 ell 4 * DA 
1 *\ 30 76 — 
e = 


TABLE IX. PROPORTIONAL LoGARITRHus. 


— — 
ner er *{h en 
8. 8 1811” 19/18 20% 21']1*. 22/15 23 1 24 1225/1 26˙%é1⁵ 2715 2811 20 
o | 365 35760 3522] 3468 3415] 3362] 3310 3259) 3208 315˙⁰ 31080 2050 
x | 3631} 35750 3521] 3467] 3414| 33670 3395] 3258 3207] 3157, 3107, 3045 
2 | 3620] 3574 3520| 3466] 3413} 3360| 330*| 3257 3206| 3156 31cb zos= 
3 | 3629] 3574 3519] 5465} 3412 3359! 3307| 3256, 2205] 3155! 3105! 36:6 

4 | 3623] 3573| 35˙8 3464| 3411} 3355 3306 3255, 3204 3154, 3105 ;c 
5 | 3627] 3572] 3517] 3463] 3410! 3355] 3306] 3254 3203| 31530 5104, 3oze! 
6 | 3626] 3571] 3516 3463] 3409 3357! 3305] 3253 3203| 31530 2102) 3055 
7 | 3625 3570 3515] 3492] 3403} 335% 3304} 3253} 3202 3152| 3 3052 
8 | 3524] 3569] 3514| 3461] 3407] 3355] 3303 3252 3201| 3154 3101 3952 
9 | 3923 3568 3514] 3460 3406} 3354} 332 325 3200| 3750 3101 3052 
10 | 3622 3567} 3513] 3459] 3406| 3353] 2701 3256} 31959! 3149! 3100] 505 
11 | 3621] 3566! 3512] 3453| 3405| 33520 330c| 3249 3198) 3148 3099 IC 5 
12 3621 3565 3511 3457 3404 3351 3300 3248 2198 3148 30908 304 
13 | 3620] 3564) 3510] 3456] 3403] 33573299 327 3197 3147| 309% 3cgs; 
14 | 3619] 3563) 35c9| 3455] 3402| 3350! 3295| 3247 3196! 3146} 30g! 3047; 
I5 | 3615| 3563} 3508] 3454 3401 3345| 3297 3240 3195] 3145! 3090! 2047 
16 | 3617] 3562 3507] 3454| 3400| 3343| 3256} 3245] 3194, 3144] 30% 3046 
17 | 3616] 3561} 3506 2453] 3400| 3347; 3295, 3244 3193| 3143) 3094, 30. 
18 | 3615 3560 3506) 3452] 3399] 3346] 3294 5243] 3192] 3743] 3093} 3035 
Ig |_3614]_3559|_3595|_3451} 3398] 33451_3294| 3242} 3192] 3142| 3-92} 3-44 
20 | 3613! 3555, 3594| 3459| 3397 3344} 3293 324 319% 3141} 3091 2043; 
21 | 3612 3557 3593} 3449] 339% 3344| 3292] 324/3190%/ 37400 30g1{ 3042 
22 | 3611] 3556, 3502] 3448| 3395| 3343} 3291 3240! 3159] 3139| 3090 304! 
233610 3555| 3501] 3447 3394] 3342] 3290] 3235}! 319] 3138} 3089] 3040 
24 | 36100 3555 3500 3446| 3393] 3341] 328% 3238 3188| 3138} 3088! 303 
25 | 3605} 3554\ 3499] 3445 3393] 3340| 3238| 327 3187! 2137] 3087 3038 
26 | 3605) 3553] 3495] 3445 3392 333% 3237] 3236 3456] 3136! 3086! 5035 
27 | 3697] 3552 349?| 3444\ 3391] 3338 3287} 3236| 3185; 2135] 3086| 3037 
28 3600 3551) 3496] 3443] 3320 33380 3286 3235 3184 3134| 3085! 3036 
_29 |_3605| 3550|_3496| 3442} 3389] 33371 _3255| 3234) 3183) 3232] 3084) 303; 
30 | 3604| 3549] 3495} 3441| 3338] 3336; 324 3233) 3183} 3133] 3083| 3014 
31 | 3603| 3548} 3494 3440 3387] 3335| 32830 323202782 31320 3082 3034 
32 3602 354) 3493 3439] 3386 3334/3282 3231) 3131] 3133] 3082 3033 
33 | 3601] 3546] 3492] 3435] 3386 3333; 3282] 32310 3180 3730 3081 3032 
34 | 3600| 35450 3491] 3435] 3385 3332 328} 323c| 3179! 3129} 30800 3037 
35 | 3599] 3544] 34% 3437] 3334] 3331| 320] 3229] 3778031260 3079} 3% 
36 3595} 3544] 3459| 3436/33830 3331] 3279] 3229 3178 31285 3078 zozo 
37 | 3597] 3543] 3455} 3435] 3382] 3330 227803227 3127/3122 3078 302g 
33 | 3596] 3542] 347 3434 3381] 332% 3277] 3220 3176| 3126] 3% 3028} 
39 | 3596} 3541] 3437] 3433/3380 3325] 3276| 3225) 3175] 3125| 3076 2 
40 | 3595] 3540 3486] 3432] 3379} 3327 3276! 32250 3174| 3124; 3075 3026 
41 | 3594; 3539| 3455] 3431| 3378] 3326| 3275] 3224| 3173] 3123 3074 3026 
42 | 3593] 3538/3484 3431] 3378} 3325 3274/32230 3173} 3123) 3073 3025 
43 | 3592} 3537] 3483] 3430| 3377 332<| 3273] 3222| 3172] 31220 3073 3024 
44 | 3591] 353% 3552| 3429] 3376] 3324 3272 3221, 3171| 312 3972 3023 
45 | 3590] 3535| 3451; 34280 3375} 3323} 3271] 3220| 3179| 3120; 3071 3022 
46 3539! 3534| 3480} 3427| 3374] 3322 3270| 3219| 3169! 3119, 3070, 3022 
47 3595, 3533 3479 3426 3373 3321} 3270 3219/ 3165 3119 3069 3021 
48 3557 3533] 3479] 3425 3372} 3320 3269 3218 3168 _ 306% 3020 | 
49 |_3556; 3532} 3475| 3424} 3371] 3319| 3268) 3217] 3197} 3117} 3068, 3015 
50 35850 3531] 3477 3423| 3371 3318, 3267 3216] 3166 3116 3067 3018 
51 35850 3530/ 34760 3423] 3370] 3318! 3260/32780 31650 3115 3066 3018 
52 | 3554 3529] 3475| 3422 3369] 3317] 3265] 3214] 3104, 3114/3065 3017 
$3 | 3553] 3525| 3474} 3421 3368| 3316] 3264/3214 3163) 31140 3064! 3016 
$4 | 35820 3527} 3473 3420] 3367| 3315| 3264} 3213] 3153} 3113 3064 3075 
$5 | 3551] 3526/3472 3419 3366] 3314] 3263 3212] 3162 3112] 3063 301+ 
56 | 3550| 3525] 3471| 3415| 3365 337% 3262| 3211] 3161] 3142] 3862 3013 
$7 | 3579] 3525] 3472] 3417] 33650 3313] 3261] 3210] 316c| 3770 3170 301“ 
55 | 3575} 3524] 3470] 3416| 3364] 3312| 3260| 3209] 315% 3109} 30 3012, 
_$9 |_3577]_3523|_3469} -3415| 3363] 3311] 3259] 3209] 3158 3109| 30o6c| 3011, 
6o | 3575] 3522| 3468| 3415] 3362] 3310 ot 3205] - 158, _ 3059 3020 


* r tC. 8 at. 


TABLE IX. PROPORTIONAL LOGARITHMS, 


— — 

kb Inn ene D 

8. j1* 30% 31/7 32119 33˙% 34/2 35 136% 37) 384112 391% 40%“ 41 

2 3010] 2962 2915] 28680 2821] 2775| 2730} 2685] 26400 2596 2553, 2510 

x | 3007] 29610 2914| 2867] 2821] 2775 | 2729] 2684] 2640} 2596 2582 2509 

2 | 3009] 2961] 2913} 2366| 28200 2774] 2728| 2633] 2639] 2595! 2551] 2508 

3 30080 2960| 2912} 28660 2819} 2773] 2728] 2683| 2638 2504] 2551] 2507 

4 | 3007] 2959] 2912] 2865} 28180 2772] 2727] 2682} 2637] 2593] 2550| 2507 

5 | 3006| 2958] 2911] 2864 28180 2772] 27260 2681} 2637 2593] 2549] 2596 

6 cos] 2958] 2910] 2563} 2817] 2771] 27250 2681} 26360 2592 2548| 2505 

7 | 3005| 2957] 2909] 2862] 2816} 277c| 27250 2680} 2635| 2591 2548 2524 

8 | 3004| 2956| 2908] 2862] 28150 2769] 2724] 2674] 2634] 259c| 2549] 2504 

9 | 3003] 2955 2908} 2861] 28150 2765 2723] 2678| 2634] 25900 2546| 2503 

10 | 3002] 2954| 2907| 2860] 2814] 2765| 2722} 2678 2633] 2589| 2545| 2502 

11 | 3001] 2954] 29c6| 285% 2813} 2767] 2722] 2677 2632| 2588 2545 2502 

12 | 3001| 2953} 2905/ 2559] 2812] 27660 2721} 2676} 2632] 2588] 2544 2501 

13 | 3000| 2952] 2905| 28580 2511] 2766 2720} 2675| 2631] 2587 2543 2.500 

14 | 2999] 2951| 2994], 2857] 2811] 2765| 2719] 2675| 2630] 25860 2543 2499 

15 2998] 2950] 2903] 2856| 28100 2764| 2719} 2674| 2629] 258<| 2542) 2499 

16 2997] 2950 2902 2855 2809 2763 2718 2673 2629 2585 2541 2498 

17 | 2997] 2949 2991] 2555} 28080 27620 2717, 26720 26280 2584] 2540, 2497 

18 2996 2948 2901 2854 230d 2762 2716 2672 2627 2683 2540 2497 

19 2995 2947] 2900] 2553 2807] 2761 27160 2671] 2626| 2552 2539 2496 

20 | 2994| 2946] 2899| 2552] 2506| 2760} 2715} 2670] 2626| 2532] 25380 2495 

21 | 2993] 2946 2398] 2852] 2805] 276c| 2714] 2669 2625| 288 2538 2494 
22 | 2993] 2945 23898] 2851} 2804] 2759] 2713} 2669 2624] 2535 2537| 2494 
23 | 2992] 2944 2597] 2850] 28:4] 27580 2713] 2668| 26230 2580| 2536 2493 
24 | 2991] 2943] 2396| 2849] 2503] 2757 2712| 2667] 2623] 2579] 2535] 2492 
25 | 2990] 2942) 2895| 2848] 2802} 2756 27211] 2666| 2622 2578] 2535] 2492 
26 | 298 2942 2894 2843] 2501] 2756 2710] 2666} 2621 2577] 2534] 2491 

27 2989 2941 2894 2847 2801 27551 2712 2665 2621 2577 2533] 2490 
| 28 | 2988] 2940| 2593] 2546 280c| 2754} 2709} 2664} 26200 2576] 25432] 2489 
29 2987 2939 2892] 2845 2799} 2753 27080 2663] 2619] 2575] 2532] 2489 

30 | 2986] 2939 2891] 284;]| 2795} 2753] 2707] 2663] 26x8| 2574] 2531] 2488 
| 31 | 2985] 2938 2890 2844] 2798] 2752] 270% 2662| 2618] 2574] 2530| 2487 
| 32 | 2985] 2937] 28900 2543} 2797] 2751} 2706] 2661] 2617 2573} 2530 2487 
| 33 | 2984] 2936 2389} 2442| 2796} 2750| 2705 2660] 2616| 2572] 2529] 2486 
| 34 | 2983] 2935] 2388] 2841| 2795| 2750| 2704] 26600 2615} 2572] 2528] 2485 
| 35 | 2982] 2974] 2537] 2841 2795] 2749 2704} 2659] 2615| 2571] 2527] 2484 
| 36 | 2981] 2934] 2337] 284c| 2794] 2748] 2703] 2658| 2614] 2570} 2527] 2454 
| 37 | 2981] 293.| 283%] 253c| 2793] 2747] 2702 2657 2613] 2569] 2526| 2483 
[ 38 | 298c| 2932] 2885| 28380 2792] 2747] 2701] 2557} 2612| 2569] 2525 2492 
ö 39 | 2g79| 2931] 2884/28380 2792} 2746| 2701 2656 2612 2568 2525 2482 
| 40 | 2978 2931] 2333] 2837} 2791] 2745} 2700 2655] 2612] 2567] 2524] 2481 
| 41 | 2977] 2930 2333] 2836| 2790 2744] 2699] 2654] 2610} 2566} 2523] 2450 
42 | 2977] 2929 28820 2835 2739} 2744] 2698| 2654| 2610| 2556| 2.522] 2480 

43 | 2976] 29280 2331] 2834) 2783] 2743] 2698 2653] 2609} 2565] 2522] 2479 

44 2975/2927 2380! 2832] 2758} 2742] 2697] 2652 2608 2564] 2521} 2478 

45 | 2974| 29297] 2880] 2833] 2787 2741} 2696 2652| 2607 2563] 252c| 2477 

46 | 2973] 29260 2879] 28320 275% 2742] 2695] 2651] 2607} 2563} 2520] 2477 

47 | 2973] 2925 2878] 2831] 27850 2740} 2695] 2650 2600 2562] 2519] 2470 

43 | 2972] 2924 2377| 2531] 2785} 2739} 2694] 2649} 2605 2551] 2518| 2475 

| 49 | 2971] 2923 2876 2830| 2784 2738 2693] 264% 2604} 2561} 2517] 2424 
50 | 297c| 2923 2870 2829 2783 2737 2952] 264" 2604; 25600 2517} 2474 

51 | 2969] 2922 2375] 2828| 2782 2737| 2642| 2647] 2603! 2555] 2516] 2473 

52 2969 292/2874] 2828] 2752] 27360 2691] 2646] 2602, 2558} 2515} 2472 

| 53 | 2968] 29200 28730 2827] 27810 2735| 2690] 2646| 26125580 2514} 2472 
| 54 | 2967| 2920 2373] 2826| 2780 2735 2689] 2645 2601] 2557} 2514/2471 
55 | 2966| 2919 2872] 2825 2779} 2734} 268% 2644| 260c| 2556} 2513} 247C 
| 56 | 2965| 2918| 2391] 2824 2778 2733] 2688] 2643] 2599! 2556] 2512} 2470 
| 57 | 2965] 2917] 28700 2824] 2778| 2732] 2687] 2643} 2599 2555] 2512] 2469 
| 58 | 2964| 2916} 2369] 28230 2777] 2731] 2686 2942 2598] 2554] 2511 2465 
| $9 | 2963 2916) 2369] 2822) 27760 2731] 2686] 2641 2597j 2553 251 | 246; 
bo 2962] 2915 2868] 2821 2775 273c| 2685] 2640} 2596} £553] 2510] 2467 


EE Ee EEE 
Uu | 


TABLE IX. PROPORTIONAL LOGARITHMS. 


—— — — 
J 7 J 2 J J J J J r 
8. 1 42/1 43 [12 44) 1® 4945 46 i* 47112 48}12 49 %% 50 $1110 52 Hl 
o | 246;| 2424] 2382 2341] 23000 225% 2215] 2178| 213: 2099] 2061] 202; 
1 | 2466 2424 2382 2340] 2299] 2258] 2218] 2178] 2132099 206c| 021 
2 | 2465| 2423] 2383] 2339] 2258] 2257] 2217] 2177] 2137] 2098] 205% 202, 
3 | 2465| 2422] 2380 2339] 2295] 2257] 2216] 2176] 2137 2098] 2050 202 
4 | 2464] 24210 23600 233%] 2297 2256] 2216] 2176] 2136] 2097] 2057} 2041; 
5 2463 2421] 2379! 2337| 2296] 2255] 2215] 2175] 2135 20960 2057] :019 
6 | 2462| 2420 2378 2337] 2296] 2255] 2214] 2174] 2235] 2090 2057] 2018 
7 | 2462] 2419 2378 2336] 2295] 225% 2214] 2174] 2134] 2095] 395t| 2047 
$ | 246-] 2419] 2377 2335] 2294| 2253] 2213] 2173] 2433] 2094] 2055] 2017 
9 | 246c| 2418] 2376] 2335] 2294| 2253] 2232] 2172] 2133} 894] 2055} 204 
— og 246c 2417] 2375] 2334] 2293] 2252] 221-] 2172 2132] 20931 2054 —_ 
Il 2450] 2417] 2375] 2333| 2292} 225 2211] 2174] 2132] 2992] 2055 2015 
1X | 2458] 24100 2374] 2333] 229% 2251] 2210C} 2470 2131 2092] 2053} 2014 
I3 | 2457] 2415 2373] 22332] 2291} 2250] 22104 2170 2130] 2031 2052] 2014 
14 24 [2414 2373] 233 22900 2249] 2205] 2169 2130| 289 2051] 2013 
15 | 2456] 2414 2372] 2330 2285] 224% 2205] 2169] 2129 2090 2051] 2012 
16 | 2455] 2413] 2372] 2330] 2253 22480 2208] 2107 2125] 208, 2056] 201 
17 | 2455] 2412] 2371] 2329] 2255} 2247] 2207 »16-| 2128] 2038] 205c| 2011 
18 | 2454] 2412] 2370] 2328] 2257] 2247 2C6] 2:67] 2127] 208 [2049 2010 
19 | 2453] 24 2369 2328] 2237] 3246] 2206] 2156] 2120 2057] 20438 2010 
"20 | 2452] 2410 2268} 2327| 2286} 2245| 220: 216 [2126 2086] 2048 2005 
21«| 2452] 2410] 23680 23260 2255} 2245] 2204| 2 225 2CS'.| 2947 2009 
22 | 2451] 24% 2367] 2326| :255| 2244] 2204] 2104] 2124 208 5 2046] ꝛ008 
232450 2408] 2366| 2325 2254] 2242203 2163] 21:4] 2084 2046] 2c 
24 | 2450] 2408 2306; 2324 228;] 2243] 220% 2163] 2123] 2©84) 2c45| 2007 
25 | 2 2407| 2:65] 2324} 2283] 224:| 220:| 2162] 2122 20S3j 2044] 206 
26 | 2443] 2406} 2364 2323] 2252] 224% 2201] 2161] 2122 2053] 204-| 2095 
27 | 2448] 2405| 2364] 2322] 228] 2241) 2 2161] 21:1] 2082] 2043] 2005 
28 | 2447] 2405 2363] 2322] 228 [2240 220c| 2160] 212C 2080 204 | cog! 
29 | 2446] 2404| 23620 23210 2250] 2239] 2199] 2459} 2120 2082] 204 : 004 
30 | 2445 2403] 2362] 2320| 2279 2234] 2198} 215g] «115% 208C| 2041 2 83 
31 2445] 2403 2361 2319 2279 2238 2198 2155 2118] 2875 2041 2002 
32 | 2444] 2402] 23600 2319 2279/0 2237] 21972157 2119] 2-79} 2040 2C01| 
33 | 2443] 240% 2359] 231] 2277] 2237] 2190] 2157] 2107 2075] 2039] 2001] 
34 | 2443] 24000 2353] 2317] 2276| 2236 2196| 2156 2116} 2077] 2035] 2200) 
35 | 24424 24co 2358 2317) 2276] 2235] 2195] 2155 21160 2973] 203<C] 2c0c 
36 | 2442] 2399] 235702316 2275] 2235] 2194] 2155] 2215 207%] 2037] 1999 
37 | 2440] 23980 2357 2315] 2274] 2234] 2194] 2154] 2114] #075] 2037| 1995 
38 2440 239 2356] 2315] 2274] 2235} 2193] 2153 2114] 2075 2036} 998 
39 | 2439] 2397] 2355} 2314] 2275 2233] 219:] 2153] 2113} 29074] 2035] 1497 
40 | 2433} 2396 23550 2313} 2272] 2232] 2192; 2152] 2113 2073] 2035] 1596. 
41 {| 2438] 23960 2354 2313} 2272] 2241] 2191] 2151 2112} 2073] 2034] 1945 
42 | 2437] 2395} 2353, 2315} 2071 2231] 289c} 2:51] L111] 2072] 2037] 1995 
43 | 2436] 2394] 2353] 231 2270 243c] 216c} 2350 2411] 2C71] 2033] 1964 
44 | 2436] 2394| 23521 2311} 2270] 2229 2189] 2149] 21100 2071] 2:32] 994 
45 | 2435] 2393] 2351} 230 220: | 2520 218>| 2149] zice 2C7c} 2032] 1993! 
46 | 2434] 2392] 2350, 230g 226E] 222 2185] 2145] 210y] 207} 2031] 1943, 
47 | 2433] 239) 350 2305 2268] 2227] 2:87] 2147] 2108] 206% 2030 19 42] 
48 | 2433] 2392] 2:49] 23080 226, 222 | 215 | £147] 217 266k} 2030“ 1991 
49 | 2432] 2390] 234%} 2307] 22600 226 21$6] 2146] 2107] 2065] 2029] 199! 
50 | 2431] 239 2348 2306 2266] 222 [2 850 2145] 2106] 2c67 2028 1990 
52 | 2431} 238 | 2347; 230] 2265] 2225] 2184/ 2145 2105} 2066] 20781949 
52 | 243c| 2388] 2346| 2325| 2264| 2224] 2184] 2144] 2105} 26 2027 193] 
53 | 2429] 2387] 2346| 23c4] 2264] 2223] 2153] 2143] 21c4/ 2:65] 2026| 198% 
54 | 2425} 24%7] 2345) 230, 2263j 2222] 215:] 2143] 2103 20 64] 2c26 1987 
55 | 24283] 2386ʃ( 2344} 2392} 2262] 2222 2182] 2142] 2103] 2064] 202501987 
50 | 2427] 2385| 2344| 2302| 2262] 2221 2181] 2141] 2102} 2063] 2-24| 1556] 
$7 | 2426] 23%4| 2343} 2302] 2261] 2220 218 | 214: |] 2108) 2002] 2024 19800 
58 | 2426} 2384] 2342) 2301] 226c| 22200 21800 2140] 2101 206:| 20230 1985 
59 | 2425] 2383] 2343] 2300] 22600 2215] 2179 2139] 2100 2061] 20230 1984 
3 6 | L wart 4 2 | eto 
60 | 2424] 23521] 2341 230c 2259] 2218] 2178 21391 2099 206 2022 19⁵⁴ 


| 


— 
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TaBLE IX. PROTORTIONAL LoGARITHMS. 

| h Ls h "1 h bl h * h ” h 8 h * h . h I h * h * 
een 55j1* 56˙% 37 [1© 58 11® 5 %%j,, 012% rh* fn Fs 
 S. 1984 | 1944j 190S| 1871 | 1834 1797 1761 1725] 16% 1654] 1619 
11982 1945] 1907] 1870 | 1833] 1797} 1760] 1724 1683] 1653 1618 
2 | 1982] 1944] 1907 1870| 1333 1796 1760 1724] 1688 1652] 1617 
3 | 1982] 1944] 190% 1869 | 1832] 1705] 1759] 8723] 1687 1652] 1617 
4 4 1981] 1943] 19 + | 1863 | 1831] 1795! 1758] 1722] 1687 1651] 1610 
5 1980 1943} 1905 1868 | 1831] 1794} 1758 1722] 16861! 165; | 1616 
6 1980 1942| 1904 1367 | 1830] 1794 1757 | 1721] 1685 1650 1615 
7 | 1979] 1941] 1904] 18671830 1793 1756| 1722] 16S5| 1650 1514 
8 | 1979] 1941] 1903 1366 | 1829 1792 | 1756 1720 1684 | 1649] 1614 
9 | 1978| 1940] 19:3] 1865 | 1828] 1792] 17551716 1684! 1648] 1613 
Io | 1977] 1939} 1:02 1865 1428 1791} 17551 17719 1683 1648 1613 
11 1977 1939] 1907] 1864 1827| 179: | 1754] 1718} 16831647 1612 
12 | 1976] 1933} 1901 1853 1827] 1790| 1754] 1715] 1682 | 1649] 1612 
13 | 1975| 1935] 19co} 1863 1826] 178y| 1753] 1727] 16871646 1611 
141975 1937 1899 wad 1825 17890 1752] 1716] 1681] 1645 1610 
15 1974] 1936] 189% 1862 1825 1788 17521 1716] 1680 164; 160 
16 | 1973] 1936 1898] 78611824 1787 175t| 1715] 1680| 1644} 1609 
17 | 1973] 1935] 1894| 185/1825 1787| 2751] 1715] 1679] 1644 | 1695 
13 | 197=| 1934] 1897| 186c| 1823786 1750 1714] 1678| 1643 1608 
I9 | 1972| 1934] 1896 1859 | 1822 | 1785| 1749] 1715] 1678 | 1642| 1607 
20 | 1971] 1933] 1896 1858] 1322] 1735 1749] 1713] 167 1642 1607 
211970 1933] 1895] 1558] 1521] 1985] 1748 1712] 16771647 1606 
22 | 1970| 1932 1894] 1857 820 [1784 174%] 1712] 1676| 1641 | 1606 
23 | 1969| 1931] 1894] 1857] 1820] 1783 1747] 1711] 1675] 3640] 1605 
24 | 1968] 1931] 1893] 1856 1819] 1783] 1746] 1711] 1675 1640] 1605 
251968 1930 1892] 1855| 1819] 1782| 1746| 171c] 1674| 1639] 1604 
26 | 1967] 1929 1892| 1855] 1813] 1781] 1745] 17c9] 1674] 1638 1607 
27 | 1967] 1929 1897 1554] 1817] 1781| 1745 | 1705] 1673] 1638] 1603 
28 | 1966| 1928] 1891] 1854 1817 1780 1744 | 1708] 1673] 1637| 1602 
29 | 1965 | 1927 1850] 1853] 1816] 1780| 1743] 17c8] 1672] 1637 _1602 
30 1965 1927] 18:9] 18720 1516| 1779 | 1743] 1707] 1671] 1636| 1601 
31 | 1964| 1926| 1889] 1852 1815] 1779+] 1742| 1706] 1671 | 1635] 160 
32 | 196; | 1926 1888] 1857 1514] 1778 1742 1706] 1670] 635 1600 
33 | 1963] 1925] 1888] 1850| 1814| 1777] 1741] 1705] 1670] 1634] 1599 
34 | 1962| 1924] 187 1850] 1813] 1777 | 1740] 1705] 1659 1634] 1599 
38 | 1961] 1924] 1886 1849] 1812 1776| 1740] 1704] 1668| 1633] 1598 
36 | 1961| 1923 1886 1849 1812] 1775| 1739 1703] 1663633 1578 
371960 19221885] 1848] 1811] 1775] 1729] 1703] 1667 1632 1597 
38 | 1960| 1922 1884] 1847] 1810] 1774] 1738 1702| 1667163. 1596 
39 1959 1921] 1884] 1847] 181c| 1774] 1737| 1702] 1966] 163; 1596 
40 | 1958] 19211883 1846| 1809 1773] 1737| 1701] 1665 16300 1595 
41 | 1958] 1920 1883] 1846 1809 1772 1736 17 1665 1630] 1595 
42 | 1957 | 1919 1882] 1845 1808 1772] 1736 1700] 1664 1629] 1594 
43 | 1956] 1919] 1881| 1844 1808 1771] 1735 | 1699] 1664| 1628 1593 
44 | 1956] 1918| 1881| 1844 1807 1771] 1734 1699] 1663 1628] 1593 
45 | 1955] 1918] 188: | 1543] 186 1770 1734 | 1695] 1663] 1627] 1592 
461955 1917] 1879 1342| 1806 1769] 1733 1697] 1662} 1627] 1592 
471954 1916| 1879] 1842| 1805 1769] 1733 | 1697] 1661] 1626] 1591 
481953 1976 1878] 1841] 1805 1763] 1732 16536] 1661| 1626| 1591 
49 | 1953] 1915] 1878] 1841] 1804/1768 1731 | 1656 1600 1625] 7590 
5o 195279141877 1840 1803 1767 17371 1695] 1660 1624 1589 
51 | 19514 1914] 1876 1839 1803] 1766| 1738 1694] 1659| 1624/1539 
52 | 1951] 1913] 1876| 1839 1802| 1766 | 1530 | 1694 1638] 1623] 1585 
53 | 1950] 1912] 1875| 1838] 1807} 1765 | 1729 1643} 16581623 1558 
54 | 1950| 1912| 1875 1838 1801| 1765 | 1723 | 1693] 1657 1622| 1597 
55 | 1949] 1911] 1874] 1837 180 1764 | 1728 1692| 1657 | 1621| 1557 
56 | 1348] 2921] 1873] 1836 1799] 1763 | 1727 | 1692] 1656| 1621 1556 
57 | 1948] 191700 18721836 1799| 1763 | 1727 | 1691] 1655| 1620] 1539 
58 | 1947] 1900] 1872] 1835| 1798 1762 | 1725 | 1690] 1655| 1620] 1585 
59 | 2946] 1909 1871] 1834 1798] 1761 | 1725 2 165416191884 
bo | 1946| 1908] 1871] 1834 17971 176: | 1725 | 1689! 1654 1619 1584 


— — — 


un 
0954 On + ww »w >|! 
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TABLE IX, PROPORTIONAL LOGARITHMS. 


Cn ']Jh 1h 'Jh:"lk' 
2 5 % 6'/2* „% 8'2* 9/2 r0'[2® 11/2 12/2 13% 1429 15% 
˖ 584 1740 1515 1481] 1447] 1413] 1380 1347] 1314] 1282 1249 
1533] 1548] 1514] 1480 1446] 1413] 1379] 1346 1314] 1281] 1249 
t5%2| 15438] 1514] 1479] 1446 1412] 1379] 1346] 131:| 1281| 1248 
1532] 1547] 1513] 1479] 1445| 1412] 1375] 345/1313 1280| 1243 
1581] 1547] 1512] 1478 1445 1411] 1378] 1245] 1312 1279] 1247 
1531] 1546] 1512] 1478 1444] 1410| 1377] 1344] 1311] 1279] 1247 
1530 1546 | 1511 1477 1443, 1410| 1377] 1344) 1311| 1278) 1246 
1582| 1545! 1511] 1477 1443] 140 1376] 1343] 1319] 1278 1246 
1579 1544 1510 1476 1442 1409} 1376 1343] 1310 1277} 1245 
1578] 1544 1510147 1442 14 1325 1342] 130g] 1277 1245 
EE 1543] 50% 1475} 1441 1 1374| 1341] 1399] 1276 1244 
15771 15% II 1474 1441 1407 | 1374] 1341} 13 8] 1276| 1243 
137, 1843 508 147+] 1440 1497 | 1373 134% 1368| 1275] 1243 
1576! 1542 1507 1473] 1440| 1405| 1373 1340 1307 1275 1242 
1575 1541] 1507] 4473 1439 44% 1372| % 1307] 1274] 1242 
1575 1540} 150 472 1438 1405 1372 1339 1206 1274} 1241 
1574] 1540 1506| 147 1438 140413711338 1305] 1273 1241 
1574] 1539] 1505] 14711437 1404/1371338 1305J 1273 1244, 
1573 1539] 1504] 1470 1437 | 1403} 1379/1337 1304] 1272] 1240 
1573\ 1535} 1594] 147 1436] 1405 1369 1337] 1304] 1271] 1239 
1572 1535] 1503] 146% 1436 1422] 1365] 1336] 1303] 1271] 1239 
15717 1537] 1583 1469 1435] 1422 | 1365 1335| 1303] 1270 1235 
1571] 1536] 1502! 1465, 1434 1401/1368 1335] 1302] 1270 1238 
1570] 1536} 1502) 1463 1434 1400 1357] 1334] 1302] 1269 1237 
1570] 1535] 1501} 1467 1433 1400| 1367 334] 1301] 1269 1237 
1569 1535] 1500| 1466 1433] 1399] 1366| 1333] 1301] 1268] 1236 
1569 1534| 1500] 1466, 1432 1399| 13661333 1300| 1268 1235 
156801534 1499! 1465] 1432| 1393| 1365| 13320 1300 1267 1235 
1567 1533| 1499) 1465| 1431| 1398] 1365| 1332] 1299] 1267| 1234 
1557] 1532 — 4 144 14311397 1364 133 [ 1298 1266 1234 
1566] 1532] 1498 1464 1430 1397] 1363] 1331] 1298] 1266 1233 
1566} 153! 1497 1463 1429 1396} 1353} 330 1297] 12651233 
1565] 1531] 1496] 1463 1429 1395 12621329 1297] 1264] 1232 
1565 1530 1496 1462 14281395 1362| 1329 1296 1264 1232 
1564] 1529] 1495} 1461428 1394] 1361} 1328] 1296 1263 1231 
1563] 1529] 1495] 1461| 1427 1394] 1361] 1328 1295] 1263| 1231 
1563] 1528 1434] 1460 1427 | 1393] 1360 13271295 1262] 1230 
1562| 1523 1494] 1460 1426| 1393 1360 1327 1294 12621230 
15621527 1493 1459] 1426 1392 1359 1326 1294 1261 1229 
1561] 1527] 1493] 1458] 14251392 1359] 13260/1293 r261| 1229 
1560] 1526] 1492] 1453] 1424] 1391| 1358] 1325 1292} 1260 1228 
1560] 1525] 1491] 1457] 1424] 1390} 1357] 1325] 1292] 1260 1227 
1559 1525 1491] 1457] 1423] 1390| 1357] 1324| 1291] 1259] 1227 
1559 1524 1490} 1456] 1423] 13389] 1356] 1324] 1291] 1255] 1226 
1558] 1524 1490} 1456! 1422 1389] 1356] 1323] 1290] 1255] 1226 
155%! 1523] 148% 1455 1422] 1388] 1355] 1323] 1290 1257] 1225 
1557] 1523 1489 t455] 1421] 1358] 1255] 1322} 1289] 1257] 1225 
1556] 1522 1488 1454 1420] 1337] 1354] 1321] 1289 1256 1224 
15560 1522] 1487] 1454 1420] 1387 1354] 1321 1288] 1256 1224 
1555 1521] 1437] 1453 1479 1386 1353] 13200 1288] 1255} 1223 
1555 1520 1486 1452 1419 1386 1352] 13200 1287} 1255 1223 
1554 1520 1486] 1452 14181385 1352] 1319 1287 12541 1222 
1554 1519 1435) 1451) 1418 1334 1351 1319) 1286 1254] 1222 
t553, i519] 1485] 1451} 1417] 1384! 21351] 1318] r:85| 1253] 1221 
1552 151%] 1484) 14505 1417] 1383] 1350] 1317] 1285] 1253] 1221 
1552 1518 1483 1450 141613831350 1317] 1254] 1252| 1220 
i551 1517] 1483] 1449) 1415] 1382] 1343] 1316] 1284] 1251] 1219 
1551 e516, 1482 1449; 14:15] 138213491316 1233] 1251] 1219 
1550; 15b6! 1482] 1445, 141; 1381 1348] 1315] 12830 1250 1218 
550 15157 1481] 1447; 1414] 1351 | 1347} 1315 1282 1250 1218 
1549 1515} 1431 Tye) 1413 1350 | 1347 | 1314 1282 11249 1217 
J | 


Oo 


Eo ww ew » A 


A 

2 18,2 19 a 20% 21 
1154] 1123 1091] 1061 
11531 1122 | 1Cy1| 1060 
11531121] 1090 1059 
11521 1121 1090 1059 
1152 1120 1089 1058 
1151 1120 1089 1058 
11511119 1088 1057 
1150 1119] 1088 1057 
1150 11181087 1056 
1149 1118 1687 1056 
11490 1117 | 1086 1055 
11481117 1086 1055 
1148 1116 1085 1054 
11471116 1085 1054 
11471115 1084] 105% 
11461115 1084] 1053 
1146 1114 1083 1052 
11451 1114 1083 1052 
1145 1113 1082] 1051 
114411131082 1051 
1143111121081 1050 
11431112 1081 1050 
1142 1111 1080 1049 
1142 1111] 1080 1049 
11411110 1079 1048 
1141] 1110 1079 1048 
1140 1109 1078] 1047 
1140 1109 1078 1047 
11391108] 1077046 
1139] 1107] 1076 1046 
1138 1107| 1076 1045 
1138 1105| 1075 1045 
1137 1106 1075 1044 
11371105 1074 1044 
1135] 1105 1074 1043 


1 


2 227 


1030 
1029 
1029 
1028 
1028 


TABLE IX. PRoPoRTIONAL LoGARITH Ms. 


i | 
2* 25 [2* 24” 
oy99 | 096g 
999 | 969 
998 968 
998 968 
9971 967 
997 | 967 
996 966 
996 966 
9951 965 
995 965 
0994 | 0964 
994 | 964 
993 | 963 
993 | 963 
992 962 
992 | 962 
991] 961 
991| 961 
990] 960 
990 | 90 
0939 | 0959 
939 | 959 
988 958 
988 958 
9871 957 
937 | 957 
986 956 
956 956 
985] 955 
925] 955 
0984 | 0954 
984C 954 
9831 953 
933] 953 
982 952 
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TABLE IX. PrRoPoRTIONAL Loc ARIT RMS. 


— ͤ ͤ (——.— — 
1 

8. 2 38%“ 39 
— | 0566| 0539 
s |: g5g] - $36 
3 56s] 537 
4 | $504} $537 
5 | 564 530 
6 | 563} $536 
7 | $553] 536 
8 | 562] 535 
g | 562 535 
10 | 0562 0534 
11| $551} 534 
12 | $61} 333 
131 5600 533 
14 5600 $32 
is | 559] $32 
16 5591 $31 
i7 | $53] 531 


* * h L h h * 
20 40 41 J 427/25 43 
0512! 0454 0458] 0431 
$11] 434] 457] 430 
5110 484] 457 430 
5100 433] 456} 430 
519] 453] 456 429 
5090 432] 4550 429 
599] 432] 455} 428 
508 4$1] 454 428 
595} 431] 454| 427 
$27] 4%} 454] 427 
0507 | 0430 | 0453) 9426 
507 479} 453] 426 
506] 479 452| 426 
5906] 479] 452] 425 
595] 478] 451) 425 
505 475] 451} 424 
594| 477| 452] 424 
504 477] 45% 423 


— 


h / h * - 
2* 44'|2? 45'/2* 46 
©404 | 0378] 0352 
404} 377; 381 
403) 377 351 
377 


TABLE IX, PROPORTIONAL LoOGARITHMs. 


— — 

EIS 180 36 556 (hk fo (hk "(hi 2 
2 49 20 50 2” 51 2 52 20 53 2© 54 3 55˙ 25 56 20 57 2 53 12 I - 
0274 | 248 0223] 0197 | 0172| 0147] 0122] ocg8} 0073} 00492024 2 
273] 245] 222] 17 2792] 147] 122 97 73 43] 24 2 
273] 247] 222] 197 171] 146] 121 97 724 43| 23 7 
2731 247] 221 196 171 146] 121 96 72 47 23 2 
272] 246] 221] 196] 171 146 121 96 71 47 23 I 
272] 246] 221] 195} 170] 145 2 96 71 46t 22 * 


271] 246] 220] 1951 170 145 120 
271} 245] 220] 194 169] 144] 119 95 70 46) 21 
245] 219] 194| 169] 144] mg 34 700 45 22 
270] 244] 219] 194] 169} 143] 119] 94 69} 45/27 
0270 | 0244 | 0218 0193) 01681 0143 o118 0093} og 0044 t0.20 
269] 244] 218] 193] 168 143] 118 93 68 44} 20 
260} 243] 218] 192} 167] 142| 117 93 63 44 
268] 243] 217] 192] 167] 142 117 92 68 43] 19 
268] 242] 217} 192] 166 141] 117] 92 en 
267] 242] 216} 191} 166] 141] 116 91 67 421 18 | 
267] 241] 216 191} 266] 143] 126] 91] 66] 4z| 18 
267] 241] 216] 190 165] 140} 115} 97 66 4217 
266] 241] 215] 190} 165] 140 115 90 66 411 17 
266] 240] 215] 189] 164] 139] 114 go 651 41] 16 


0265 | 0240} 0214} o18g} 0164 0139 0114} 0089] cobg| 0040 foork 
265] 239] 214] 189] 163} 139] 114 89 64 40} 16 
264} 239} 213] 188] 163] 138] 113 89 64 40 15 
264] 238] 213] 188] 163] 138] 113 88 64 39] 15 
264| 235| 213] 187] 162] 137| 112 88 63 39 15 | 
263} 238] 212] 187] 162] 137] 112 87 63 38 14 
263} 237] 212] 1860 161} 136] 112 87 62 38 14 
262 237] 211] 186] 161 - 136] 117 87 62 33] 13 
262} 236 211] 186] 161] 136 117 861 62 371 13 | 
2361] 236] 210] 155| 160| 135] 110 86 61 371 12 


0261] 0235} 0210} 0185 0160 0135 o110} oo85;|] co co036} 012 
261] 235} 210] 184] 159] 134] 110 5 60 361 12 
260] 235| 209] 184} 159 134] 109 34 60 n 
260] 234} 209 184] 158] 134] 109 84 60 35] 11 | 
259] 234] 208] 183} 158] 133| 108 84 $7 351 10 — 
259] 233} 208] 183] 158 133] 108} 83 59 34] 10 | 
2538] 233} 203] 182| 157| 132] 107 83 58 34] 10 


e . d . I DES 


. 


2538] 232] 207] 182] 157] 132] 107] 82 5 
een e ee e Ba} 5733 © 
2571 232] 206] 181[ 156] 131] 106 82 57 33 $ . 
40 | 0257} 0231] 0206] 81556 0131 0106] 0081} 0057] 00432 [ooos 
| 41 | 256] 231] 205] 186) 155] 130] 105 81 56 32 8 1 
| 42 | 256] 230] 205 180| 155] 130] 105 80 56 31 7 [= 
| 43 | 255] 230] 205 179] 154] 129] 1050 Bo 560 31] 7 | 
| 44 | 255] 230] 204] 179 154| 129] 104] 8 55] 32] 6! 2 
| 45 | 255] 229} 204] 179] 153] 129] 104] 79 55] 3o 6 
40 | 254] 229| 203] 178] 153} 128] 103 79 54 zo] 6 F-4 
| 47 | 254]. 228| 203] 178] 1n53| 128| 103 78 54 29 5 LI 
495 1 353] 2238] 223] 277] 152] 127] 103] 78 62 29 5 K 
| 49 | 253] 227] 202] 177] 152] 127] x2} 77 cal in 4 | FE 
| 500252 0227| 0202| 0176} o151] 126 0102} 0077] 0053] 0028 [594 | | 
gr | 252] 227] 204] 176] 151} 126] 101 77 52 28 4 1 
| 52 252 226] 201 176] 151] 1261 101 76 $2 27 | 3 
$3 | 251} 226] 200] 175 150] 125 1co 76 51 27 3 
& | 251] 225] 00 175] 150 m25| woof 975] cor] 29] 2 
55 | 250] 225; 200] 174} 149] 124] 100 75 51 26 4 = 
56 | 250] 224 19y| 174] 149] 124] ogg 75 co 26 2 
57 250 224 199| 174] 148] 124| ogg 74 50 25 I 
58 | 249} 224 198] 173] 148] 123 og8 74 49] 25 I 
59 | 249] 223 198 0 


173] 148] 123] o98 73 49 25 
C172 | 


0197 


60 | 0248 | 0223 | 0197 
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TABLE X. For computing the Effects of Parallax on the Moox's 
Diſtance from the Su N ora STAR. 


ü 


Varallas in Alti- 
title or Distance. 


=|3 =.|=| 


Apparent Diltance. 
Add the Difference of the two Numbers taken cut of this Table, if the Appa- 
rent Diſtance is leſs than go, and ſubtract it if above. 
of 3 23® 120" 297 | 24” | 15" | 160” | 17 13” ] 20 lno*)} 2007 20 | 23* 1 24* | 28” 
FEI TT I os [TT ³·»» 
7 G1 I | I 8 0 0 8 0 0 0 
3 2 22 | Sy 1 I I 84 
— — EN: 5 RED I ld ns ls ns 9s, 
4 $7 $1 SER 31313 
5 $1 $1 #4. 3&1] 3] 3] #5 
6 „ 31-34 FA 
a 6 6 | 6 5 5 TM 4 4 + 
a 5 A RR FE EE ED 
8 | ASA LE. i 61 $1 SKM. 
RAY os 6] 61- SLY 
11 | Ic | 10 91 8 | TT EMS 
12 | 11 | 12 | Io 0 9 8 8 2 
1312 14110 10 61 91-9 
15 | 14 | 13 | 12 | 12 111101049 
1 ne 10 
11 117 86 | 16 1-0 
ly | I> | [7 20 7-20 
$1 | 20 | 36 1 27 3 iu 
22 2 1% 
2422212019 
2324 22 1 
47 2 C 24 2 21 
29 | 27 | 25 | 24 | 23 
31 29 | 27 25 — 
331321292725 
33 3* | *9 7 
37 [35 [33 [32 29. 


— — — 


113 1107 100 


117 119 10. 


TaBLE X. For computing the Effects of Parallax on the Moon's 


Diſtances trom the | SUN or a STAR, 


Parallex in Alti- 
tude or Di>tat ce. 


5 


— 
+ 8 


| 


Þ dS ww vn - 5 


II 


— 


Apparent Diſtance. 


Add the Diſſerence of the two numbers taken out of this Table, if 
the Apparent Diſtance is leſs than 90%, and ſubtract it if above. 
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«} . 


&; 
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* 2 
* 


* 
12 — © 


. 3 1 » 


| 


j 
+ ow ww » ets w 9 


| 


6 Gunn oO www ym to 


| 


O © © 29Ww ww @1 Sn wn 


14 


25” 


— 


89 


| 


—— — 


go 1-30 
ol io 
I 1 
I I 
20 2 
2 2 
2 2 
3 3 
3 3 
o ir 
= — 
5 5 
5 5 
6 6 
7 6 
7 7 
on 17 
9 8 

. 
10 9 
11 © 
1 
13; 17 
T6139 


hf we 


| 


| SEE G4 8 ov ov | 


353 
"ON 


| 


3 * [Ge 


| 


WmiandÞdd Sow w yp 0N 


95-1 <2 & || 


34 1 26© 
© C © 
1 1 1 
I I 1 
1 i 1 
2 2 2 
2 2 2 
2 2 2 

. 
. 
** _ 3 
< *| oy 
5 4 & 
3 
6 $ 5 
6 7 6 
7 6 6 
7 1 7 
8 8 7 
9 8 8 
9 9 9 

IC! 9 9 
23] 00 
12 11 11 
13 12 11 
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4 
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TABLE X. For computing the Effects of Parallax on the Moon's 
Diſtance from the SUN or a STAR. 


—_ 


- 7 : Apparent Diſtance, | 
22 Add the Difference of the two Numbers taken out of this Table 
A- if the Apparent Diſtance is leſs than 9g, and ſubtract it if above. 
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2.32 [13-351]:1-3-]-2-23 


: 


i 


! . V , — ** Y * 
he Fun Deer iN. in the N. A. for Noon at Gave, 


Tas. XVIII. For reducing t 
to any other 4 ime under that Mer:d. or to Noon under any other Merid. 
DPD _ 
Add aſt. N. ub aft. N. M. M. u. M. u. NI. M. 24. ][H. M. U. M. Ik. M. u. Mu. [Sub aft. NAdd af N 
Sub. bet. N. IAddocl. 40 11 8b. 502. 2012.40]Add bef NI Sub. be x 
Add in W 50 in V. | wt. dub. in - r 
n V. Sub. in V. DealieDb [15D j20D |25D [30D 135D 4D Add In v 
Sub. in k. Add in E. : 13 | Ad in . Sub. in E. 
— — — — — — — —_—— — — — [ hs a 1 5 2 
Das. Daus. * S jM. S. IN M. 8. M. S. N. Sj d. NM. 8. Days ID); 
[ - F > _ — — * E —— * 1 — . — 1 K 
Decemberz! Decem. 210 CIO. os. . be lo Cl ad wh od OI21 June 1 ! ne 
20 2210. clo. 10s Io. 1%. 20. 210. 20. 32 20 
| | | | 1 
10 2719. clo. 10. 200 219. Ji Js. 4190s 2. 6123 19 
| | 4 | 7 *. 
$} 2400. Iſo. 205 33. 4% 0/9. 719 8 o. 9124 1% 
17 2:10. 10. 2/0. 40. (so. 7ſo. 9/0. 11ſo. 12025 17 
16; 2:19. 2/0, 10. 50. 719. 9179 2 15126 16 
15 2-19. 219. 510. 6 8 .o. 110. 130. 1.18023 1 8 
14 2819. 300. 6/0. . 10%, 12/0. 1501 0.21028 14 
131 3010. 40 7%. 9 ge 18 15/0. 1800 210.2429 [13 
Mi - : | jp uf — þ * 0 
12 Jo 0 » 9. 79.10 9. 130. jO. 2010-23 — june 12 
— — = _ — — Sms 000 — — — mo — 
II Decem. 3 4 55 1 2.1519 1910. 22/0 2612.30] 1 july 11 
10: jan. „ 308. 8.12.1 ee 31S 2321 2 10 
il l 1 * A = * 
9 2 go. 809• 139,17 e 4 0.35] 3 9 
8 4 $0. 912-14 5 1902 24/0. 299 · 33938 4 5 
7 4 o. 1800, 18. 231921 . 3iſ0. 360.410 5 7 
61 8 50.1100 160% 2200. 280. 3300. 38044 6 6 
«| e. 619. 219 1:10.24j0. 3c 0. 3519-41 2.471] 7 8 
4 7. (. 120,18. 25 31[2- 37j9+43]2+49 8 4 
0 ' | » £1 - * . - 
o 88. 6.1301 2009. 33. 2919-45]0-52] 9 3 
2 5„ſo. 70. 140. 2009.2 . 340. 4100. 400 • 55/10 2 
— —äö— — — — 1 — —y3ũñ— — — —— — — 2 
Decem. 1 1801. 10 1447 wo 29193 9.4: 50%. 5. 11 June 
Novem. 30 1100. 70. 15. 220. 3010. 37]2-45]2- 521, 2 31 May 
29 $420 $19. 1619. 23[5+Z1|9«Z 2.47. 5 /. 32 30 
28 15. 89. 160. 2½˙33004% . 49571. 9/14 29 
27 140. 8.17 ˙ 2503 9.42 5.5109. 59t. 8115 28 
i 4 y o n w- 4 
26 1:0. go. 180.200. 35]0+44[2- t. 214016 27 
, j - oF | | 
25 166. 90 189.270. 37˙4 S100 40-1501) [26 
24 17 2. | 5.790. 2%. 2519-47] „57/1. { 110018 25 
23 1809. 100. 20. 29 39-49-5801. ſ½˙19ſ19 154 
22 1905. 1c o 200 2. 40 O. cet. CI. 10. 280 23 
— — —— — = — | — * | — — _ EY 
— — — — 1— | ' — 
21 2000. 0b. 210˙ 349-41 511. 2.121.222 22 
| | 
20 2119. 11105. 220.32 A- 411.14}1.25122 H 
| 19 2219. 110%. 22%. 33% ·4J%˙ 5/17 4 17.2823 20 
15 22 5. 1109. 2302. FA 4%. 50t. 7119 1. 30024 19 
17 244.125 25/34 · 465701 911 0211.332025 1 
1 2810.12 —249˙350 4 5. SOT Te27 «45120 17 
17 2605. 12090. 24. 3600. 45 [l. 12/124 136127 16 
wy 4 1 * 5 6 3 „8 E 
14 27 . F219. 251+ 3 3.491. 21.14/28 . 15 
13 * 12 C. 26. 36.5101 Ara. b [4 
| - A | f.15 1 MY | A 4 | ly 157 
fan. . 1:1. 2612. 390. 531. 601.191 22J1.45/31 JU 2 
T1 jan. 3012-12 — 2 22 91 © bs +>13 ] 1 
91 Cv. 1 7 2 5. 279.47 29 55 1. 9 222 | 30 - SO 2 Aug. 110 
» 
7 30. 1%. 28 P. 42571 110t. 25013/5304 | 8 
8 5 140. 295.430 5801131274215 6 6 
3 >|. 1:12. 3012-45|1- 061.151.3044. 59 8 "= 
Novem. HT} g12. 1512. 3112+ 40jT + 2/117 [o32|l+47)20 31 2 Ma 
| , — 0 n 
October 20 1112.15. 320.47]. 31. 10/635 1.50 . 6/12 0 Af 
: , = int — - - a - * a3 F » 
25 312-16 232 9. 48/1. 5122 1537 n 9,14 22 
26 1513. 1600. 330.400 6j1.22j1. 3911 $6/2.12/16 26 
24 1712.1712+ 34612 +» 5017» 711.241.410.580 2.15/18 2 
21] 200% 1719-3412. $2]! 9}1.27]1.44}2e TP 19,21 2 | | 
—— . — — — — — — — — — — 3 * —_ —_— — 
15 2213.17 5. 38,530.11. 291463 42 22124 18 
15ireb. 260.18 b. 30%. Salli. 311 310.492 72 ·2 27 A 
1 7 — wet . 4 - % 7 \ Zul 2 
1 Warc 4 „ 1 > 3/} * 1.14 1.32 151 209 9 1858 30 Augu ? 
9 412.19 . 380. 5602.12 1.3401. 53/2. 120 z. 30] 2 Sept. | 9 
6 7 os 28{5. 57/1. 16]1+35/1.54|2-13]2+ 32} 5 6 fe 
| ORober 3 10. 19}. 35]> 51-17 1.36|1«55|2+14/2- 34 8 3 Api 
, - i rc 
Sept. za 130.19 J 390.58 1. 17 t. 37. 56[2.15/2.35j11 21 March 
. * N 2 - A 
- 27 1. 1% 3912+ 57 1518 1.35 1. 5712.1 12+ 30114 28 
» Q "— — | o 
24 19%. 20 390. 55 1.181. 3801. 57 2.162367 25 
21 2210, 20/0. 4000. 5911.19 1 3911. 5812. 1712. 30120 22 


9 


| 


Tas, XVIII. For reducing the Sun's Det 19. as given id the N. A. for Noon at Greens 


OO WICH to any ther Time under that Mer:d. or to Noon under any other Merid. 
fr. N — — —,. RR 
I Add att, N Sub. aft. N. NM. M. M. M. INM. M. IM. . u. u. H. Mu. IA. 1. ub. att. N ddt N 
8 dare erte g .- 5519-355. Nate ee 
E. Add in W. Sub. in W my 7 SY Sub. in W. Add jnW. 
: r Ped [2 [2 [Ad in3-Joub. im E 
oy Days. | Days. . . N. 8. . 5 M. C. M. 8. N. s. Pays. 3 
Decem. 21 Decem. 21. 9 9 CG Coe O10. Co. 421 June 21 June 
20 220. 380. 36. 4lo 419+» 4|-» co. 5122 20 
19 230. 60 7%. 3J0. 90. 9. 10 9.11 23 19 
18 243.10 1100.12 9.13.14. 15 2.16 24 13 
17 2519. 130. 15%. 160. 18. 19%, 2000. 2225 17 
16 2660. 160. 180. 2000 220. 240. 260. 27126 16 
15 270. 200. 220.240 260. 29-310. 33] 27 15 
14 289.25. 25%. 280. 3100 34 5.3610. 38028 14 
13 299.209.290.320. 35] 35.41.4429 13 
"Is 12 30D. 30 o. 3300. 360. 400. 430. 46%. 5030 June [12 
— ( — oy. out 24 7 COCA — — — — 
11]Dec, 311]2+33[2-37 [9,49 |9-44[2+45 O51 %. 55% 1 July [ut 
10| Jan, 110. 36%. 40/0 440. 48. 530. 57. 1] 2 10 
9 2.390. 440. 450. 53.57. 2. 6 3 9 
o 35.43%. 480 530.571. 211. 71.1104 8 
7 440.40. 51% 50%. Ijl. 7.12.17 5 7 
6 56.49] o0. 55%. 0. 661.711.171.220 6 6 
5 60. 5219.58|l, 41.101. 16122127 7 5 
4 7. 55 t. 111, 71.14. 20. 261. 32] 8 4 
3 80. 58]. 51. 11.18. 24J1•311.37 9 3 
T c te 2 EY Os 
1V Decem. 1 1011. 4[t.12}1.1g}1.2011.33{I+-4111.48] 11 1 June 
Nov. 3© I1]t. 7.15. 23. 30]. 37.451. 5212 21 
29 121i.10}t.1$]1.26j1.34}1.42 1.50.8713 30 
28 131.131.221.301. 381.461.542. 214 29 
27 1441.10. 25.341.421. 501582. 715 28 
26 15]1t.29fte25S[1.37[1.46]1.55[2+ 32.12] 16 27 
25 16]1.22[1+31]t.40|r.49]1.59[2. 82.17/17 26 
| 24 17j[t.25[(.35{1.44 [1.53}%. 312 +12[2-21 18 25 
l 23 181.281.381.471. 57/2. 72.162.260 19 24 
5 22 191. 30[⁰-41]- 512. 112.101 }J2-2112.71} 20 2 
FE” Sh 201.3314442. 4[2-1512+25|2.35|2L 122 
20 2i|t.36]1.4711+57 z. $j2-19]2+24|2.40} 22 21 
19 221.39 [t. 50. 0211222 z 3324402 20 
15 23(141ʃ1.53 2 4[2+15]2.26]2.37|2-48] 24 19 
17 24|t.43)1.55j2- 7[2-15[2-30|2.41|2.52}25 8 
| 16 25.470.581 22133 2·45½ 56026 17 
15 201.4802. 112.13|2.25]2-37 |2 4963. 127 16 
I4 27|1.51]2. 4/2-16[2.25|2.40\2.5213. 5 28 15 
13 2801 x84 z. 7492.312442 5603. 29 14 
— 11 Jan. 38 1.581211 2.24 2.3712+ 81 3- 4 3-17 30 july ja 
rH 9 I reb. 1. 312-17|2+39[2+43]2- 573-11 |3+24 2 Aug. 1 
7 3B. 72.212˙·35ʃ2·4905˙ 33·173˙32 4 8 
5 512.112.2524 5463. 913-2313-35 6 6 
5 3 712.142.29½˙44(2.595˙˙143˙29%3˙4 8 4 
I Nov. 1 912˙18ʃ 2.33493, 4[3+1913- 3513+ 5c| 10 2 May 
OR. 30 1112.22.38 2533. 9]3+2513+41 3.5612 30 April 
, 28 I3[2.2512.411*+55 13+ 1413+ 3© 3.464. 2| 14 23 
| 26 152.292.453. 213-18]3-35|3+51|4- 8016 26 
| 24 1712.32 02.493 513-2213- 393+ 56 [4-13 18 24 
21 2002. 362 53031103. 28 045 f- 3|4:20]20 (21 
| 18 232.4002. 5803-153 .333 51. 814.26] 24 15 
15|fFeb. 262.4303. 113-20 3-3*13-56|4. 1414-32] 27 15 
12 March 12463. 53-23342416-9 4-3% 30 Aug. 12 
g 402.493. 83.283.454. 4(4-23]4-4!j 2 Sept. | 9 
p 6 712. 5103. 1003. 293.484 · 7 |4-264+45] 5 6 1 
533.713.323.574. 10.29% 4% 8 3 April 
143.33 3˙53 413432 57] 81 21 
3.343.444 [4-33 \4+ 52] 14 28 
3-35|3-55|4 1516-33 4+52| 17 25 
3-3513+ 55\4-15 4+ 22 


Tas. XVIII. For reddcing the Sux's DECLaiv. as given in the N. A. for Noon at 
GREENWICH to any other Lime under that Merid. or to Noon under any other Merid. 


—é 
— — — ͤ— — — —ͤ—ñ—ĩ—ꝑ— — — — ᷑̃F—d—— — ——— If 


A4 aft. N {Sub 2 Gag apa; ue n. M. u. n 3 aft. NI Add aft N / 
Sub bef. N [A424 bef. NI 5. 205.4016. 646.0 wh {7 20) Addbef.,N Sab be. N. 
A4 m W. Sud. in“ D 9 D 1D D | D D ;SubinW; Adainw 
| Sub. in E [Add in . 30 | 5 90 | 95 {109 | 105 110 [Add in EK Sub in . 
— — — — — — — — —— — — 
Days. Days. N. s. et 3. 1 5. 1 8. Ni 5. M. s N. s Days. Days. 
Decem. 21 Decem. 210. C. 040. oo. oo. o 0 0 fo. 021 June 21 June 
20 223. 5b. (lo. 6/0. 719. S lo. 8. 822 20 
19 2591115 9. 13 o. 4e. ig fe 15 fe 10 3 19 
15 2.47 4% 2222352424 18 
17 2510-2 5. 25.2002 2 9.290.310.2225 17 
10 255.29 31.320 3519-37 [9.35 P. 326 6 
| 15 2710+ 35.380. 40-49 440. 40 [0.4927 15 
14 299.44 40 44 2 51 2-54 $7125 14 
13 24[9+47 bob % 50. 591. 211 529 13 
12 3-19-53. 5% J 3/1. . 9 1230 June [12 
II Decem. 3 1. 5%. 21 91.473777 1. 21 7 July . 
100 lan. 11. . 9113 17jr.21[t.25 [1.25] 2 10 
9 241115110 241.281.3213 3 9 
8 314% 121126061371 3511-49 14514 8 
7 411.221.27/1·32 t. 3711-42 1.47 jI-5?] 5 7 
6 51 27. 331.38. 441.49 . 54 z. 0 6 6 
8 611.33 1. 391.4 1. 31t. 572. 2 la. 87 5 
4 711-39|t.45i/le51 1. S7 f- 32. 9 2. 168 4 
3 811.441.5057 ½2 4210162309 3 
. 
Decem. 1 70155 4. 2 9 2.1062. 23 2.30 [2+ 38 "© nas. 
Nov, 30 112. 0/2. 7[2.1512.22|12.30|2.37 [2-45|12 31 May 
29 122. $[2.13|2.2112+29|2.37|2.44 j4-52[13 30 
23 1312.10 2.19ʃ2• 272.352.432.516 114 2 
27 142. 162. 25I2•·33]2 4202. 5002. 533 25 23 
26 I512.21[2.30j2.351]2.47[2.56|3. 5 [3-13j15 27 
25 162. 26 2.38ʃ42.44]/2. 533. 203.11 3.2117 26 
24 172.312. 40(2. 502. 593. 93.18 [3.2818 2 
23 182.362.462. 55]3. 5|3+-15|3+24 [3-34|19 2 
22 192.412.5103. 113e11;3.21|3.31 [3-41]20 23 
— — — — — — — — — — —— — — 
21 2002 402. 5603. 613-17 [3.27]3.37 [3 4821 22 
20 212503. 213-12/3-23[3-3313-44 [3+55[22 24 
19 223.553. 663.173.283.393. 50 4. 123 20 
18 233. 03. 113.223.333.453. 56 4. 7124 19 
17 243. 486.103.273.393. 504. 14.1325 18 | 
16 253. 83. 203.323.443. 5004. 7 4.1926 17 
15 263.133.253.373. 49]4 14.13 (4.2627 16 
14 27|3-1713-2913-42{3-54 [4+ 614-19 437028 '5 
I3 2313+-2213.34[3-47|4- 0 1204.2. 38429 14 
IE. . (4: $14.22 [4:36 e 
„eb. 1.38 6.57. 514-15 [4-32[4+46 7.552 as 
7 33.46. C04. 14-254. 4204. 505 1 4 Aug. | 8 
5 513.5204. 614-2114. 36 [4+5015., 55.19 6 6 
3 713+ 59 [4-1414- 2914-44 [++ 59| 5-14 (5-29] 3 4 
Nov. I 94 5 4. 2104. 3614-5215. 715.23 5.380 2 May 
Oct. 30 1114.12 4. 284.4455 C5. 165.315. 4712 0 April | 
28 I13]4-19 [4-35]4+515- 76,3540 [5-56[14 25 | 
26 1514. 246. 4104. 575. 145. 305. 47 [b. 3115 26 
24 174. 30. 475. 315-21153-35|5.55 [5.12|18 24 . 
21 2014-37 #255 5.125.295.4790 416.2121 21 f 
. rr 
18 2314-44 |5- 219% 7% 13% 3424 rs 
I5|Feb. 264. 505. $45. 26\5.44 5. 216 20 6. 382 15 
12 March 14. 565. 155.335. 52[5 1 6.29 . 4730 Aug. 12 
9 45. 0.195.305. 576. 166. 34. 53] 2 Sept. | 9 
6 75. 45.205.420. 106.206. 395. 580 5 6 
Oct. 3 105. 85.275.406. 6. 256.44 %. 3] 8 3 April 
Sept. 30 135. 115.3005. 4%. 85.286.477. 6011 31 March 
27 1615. 125 3145-51947 5.316. 80 7. 9114 28 
24 T9|$.12|5.3215.52jG-1216.3215.51 [7.11]17 25 
21 22 5.13.33 5.5316. 1206 336. 62 J 11120 8 
—— — ::.: k — CIY — 


F 


Tas. XVIII. For reducing the Sun's Dect1v. as given in the N. A. for Noon at 
Car Nwicn to any other Time under that Merid. or to N oon under any other Merid 


- — — — — 
Add. aft. N Sub. aft. N . ta 3 _ M 3 Sub. aft. N wa 
Sub. bef. N [Addbetf. II. I 20]3 4c} 4. cl. 20 . 40 Addbet. VIS ab. bef. N 
Add. in e * 0 — 1 = | D LU ub. mW. Add in W 
ine 
Br. | Days: Te. e | Dee 
Decem. 210 Pecem. 2! 5. Olo. oo. 619. oo. oſo. 805. . June 27 June 
_ 2219. 9. 96. 90. 10 fo. 100.102 20 
19 2310+17 Oo $519. 1810029106 THIS 200.2123 19 wy 
1% 2410.25 5. 260. 270. 280. 290. 300.3124 13 
* 250. 340 · 35.3% 38%. 39124110 43325 17 
15 26.42.4445 P-. 0. 53 26 16 
15 27951 O0. 53 0- 3519+ 57%. 1/1, 3127 15 
14 23.59 1. 4. 561715 9 1.12.1428 4 
13 2918. 81•111·14/ I7j1.19|1.22|1.25|29 t3 
e g e e 32[1+35120 June 12 
4» Fo 2 | 2 811 rr — — — — 
11 Decem. 31. 2 [i 2 321.3501 3901.4. 11.40 ! July [11 
19; Jan, 11 331137141 3 1.4% 88% 5712 10 
g 2 1.4% 40 1511.551592 342 7 3 ' 9 
8 311.401.541.572 412. 2.132. 18 4 3 
. 411.582. 312+ $12 12|2.19|2.23j2.2% : = 
6 5 2. 5 2 ene 2 3312.39 6 5 
b, 
4 4 2.22 [22512 3491S <31T <7 455 IIJ=* 21 3 4 
2 $12.2912+36|2-4512-49]2-50|2- 37 94 9 3 
2 912 37 2.44 2.61% 88; & 123.190 — 
— Eo AIEeT — 
Decem. 1 10[2.45|2-5212-59j3+ » i4|3 213.2511 i [e 
Novem. 30 x112.52[3+ 03+ 713+15 Z+23[3+3-|2+3512 zi Muy 
29 213. 03 813 637245 3243+ 3413-47113 39 : 
28 ; 1313. 8 3.10 3.243.323.4003. | $7114 19 
27 1413.15]3+24 3-32j3.41\3.4913-55|4- ©i15 28 
26 1513.22[3-31[3-4913-44|3.55|4- 4645 27 
25 1613. 30[3-3913-4313-57 |4. 754-1 | þ+25117 26 
24 1713-37 3.46 3.504, 614.16 4.2414 34018 85 
23 18[3.4413- 541+: 4/+-1514 2444 43/9 * 
2 1913. 5114- 114.1104. 2 1. 214.41 10 22 
——— — — — — — cc — — — | — „ 
; 21 513. 584. 8 [4-19]4-2 7. 394. 5056 Oſz1 bo 
2C 2114 5[4-1614-2714-37] 45 [4- 59]5- 922 21 
19 2214 12234-3445 80615. 1823 20 
18 2314+-191+- 39 144A 5356 4 . 26124 19 
17 246-2538 4.465. 5.1205 25153-3425 13 
16 2514- 3114-43 }#+ 55565 (3. 1915-3c|5-42126 17 
15 2614. 3314-50}5 215-14 5. 2005. 3805. S0 15 
14 2-14-43 4.56|5- $15-21 5. 333.465.588 1 5 
1 22. 50 315.105 28 5.40584 5. 629 14 
11 fan. 2 3. 2 1505.2805.4˙. 5446. 8 6.21031 July 12 
; aaa — lern — — — — 
9 Feb. 15513 e 5. 5416. 880.22 5 35 2 Aug. 10 
7 3]5+24 5. 385. 526. 60. 306 3519-49 4 3 
0 515-34 3.4915. 416-1315. 2310-47 57 21 6 6 
3 -\5.4415-5916-14|5-2916 446-59 17-14} 5 
Novem. 1 95.53 5. 915.2410 4016.55 7.117. 26010 2 May 
| October 3© 1116, 316-75 6.34j6.50)7. 617-217-3712 30 April 
| 2% 1315.12 6.25 (6.44 7. 07.10 7.324814 28 
26 15 6. 20 6.36 1. e 7 oj 26 
24 17\6.2915-45|7+ 217-19 7.3517 ez N. 18 24 
| 21 2016. 3016. 567.1373102. 485. el3.22)21 21 
EE Dow — — — — r — — 
* : 18 23 6.43]7. 617-24 7 428. Af 1718. 34124 15 
15|Feb., 26 6.5717-1517+34 7. 528. 108.28 3.4527 ˖ 5 
12 March 17. 6417-24 7-425 113. 2c 3213, 57130 Aug. 12 
9 4(7-1217-31 7.508. * 46% 6 2Septcm.} 9 
6 77.1 53617: 55(8-14 $.33 $31.17 g : 
October 3 1007/23742 88. 18. 208.39 50 180 8 3 April 
h Sept. 30 1317.260745 8. 46.241843 bn 31 Mech 
27 167.2907 4888.7 5.27 [3.47 6625614 23 
4 197.30 7. 50 8. 10 3 49 9 27117 25 
21 22\1.321\7 5015-16 3. 20 N. co ala. 28 l20 8 


Tas. XVIII. For reducing the Sux's Dret INA r tom as given in the N. A. for noon at 
GxEEnWICK to any other Time under that Merid. or to Noon under any other Merid. 


IT,4< 120 


22 


— — 
Sub. aft. NM. . N. M. 423 5 = LE . u NM. Sub. aft. N Add. af x 
Adibeft.N| . | 19.20 11 C11. 20 11. 40112. 0 Addbef. N ub. bef. N 
2uv mW,, D D LU D D ,Sub.inWj Add ich; 
Add in E. 150 —— 165 170 175 | 130 Add. in E Sub. in k. 
Days. N. sI N. s. N. 8. N. . . s. N. 5 Days Days. 
Decem 210. o| 0. © o. ©| ©. oo. 0. Oſz1 June | 21 June 
2210.11] 0.11 0.12| 0.12] ©. 0. 1322 20 
2310.22] 0.23 © 244. 250. 0.2623 19 
2410-33] 0-34 0-30] 0.37] Os. 0.39124 18 
250. 4040 0.45] 0.50] ©. 0. 5325 17 
2619-55] 0.5% Dy 3.83 to 1. 6126 16 
27 [t. 661. 8 rar. 1.192 15 
2311.17] 2.20 1.207 £.297] $2. 1.3228 14 
291.288 1.30 1.37 1.40] 1. 1.4029 13 
301. 39 1.42 1.49] 1. 521.551.5930 12 
Decem 311. 0 1.54 be 312. . 2.12] 1 July | 11 
Jan, 3 18.1898. £ 2.1316. D. 2.25 2 10 
212.12] 2.16 2.25] 2.30] 2. 2.383 9 
312.231 2.27 2.37 2.42] 2. 2.51| 4 8 
4 12+34] 2-39 2.49) 2.54] 2+ 3415 7 
512.44] 2.50 3.03. 6] 3. 3.17 6 6 
612. 551 3. 1 3.12 3.15] 3. 3.30 7 5 
713- S] 3-11 3-23] 3-29] 3- 3-42] 8 4 
813-15] 3-21 3-34| 3-41] 3 3-54] 9 3 
913-25] 3-32] 3- 3-45| 3-52] 3-59] 1 2 
1013-35] 3-42] 3-49] 3+50| 4: 4 4-15 [11 I June 
T113+45] 3+52 4- 71 4*15 4+ 30112 31 May 
1213.55] 4+ 3 4-18 | 4.26 442073 30 
1344. 5413 429438 45414 29 
1444.15 4-23 4.40 4.40 5. 515 28 
1514•244˙33 4-59 | 4-59 $+17116 27 
1614.34] 4:43] 4- $. x1 3.20 $.28|17 2 
17 14-43] 4-53] 5. 2| 5.11] $.21 $.4G}18 2 
| 1314.52] 5. 2 $5.12] 5. 22 5.32 55119 24 
1915. 1 $5.12] 5.22} 5. 32 5.42 6. 2120 2 
2015.10] 5.21] 5. 5.42 5.53 6.13/21 "pA: 
215.20 5-31 5.526. 3 6.2422 21 
225.29 5.40 6. 2| 6.13 6.3412 20 
2315-37] 5-49 6.11] 6.23 6.442 19 
2415-45] 5-57 6.20| 6.32 6.5425 18 
255.540 6. 6 6.29 6.41 7. 4126 17 
266. 2| 6.14 6.38 6.51 7.1442 16 
2716.10] 6.22 6.477. © 7.24128 15 
28 [6.19 6.31 6.56] 7. 9 7.3429 14 
Jaa. 3015. 34] 6-47 7.141 7.26 7-531]21 July | 12 
Feb. 1159.49] 7. 3 7.30] 7-43 Sell 2 Aug 10 
35. 917-27 7.45] 7.59 8.28] 4 8 
57. 16 7.31 8. 0| 8.14 8.436 6 
717.2917. 8. 148.28 3.88 8 4 
9 7. 477.56 8.27 8.42 9.1310 2 May 
171.53 8. 8 5.40 8.56 92812 30 April 
1313. 4] 8. 20 3.5319. 9 9+42 [14 23 
1518.15] 8.22 9.55] 9.21 9.54116 26 
1713.26] 8.43 9+17,] 9.34 10. 7118 2 
20 13.40] 8.57 9.32)] 9-49 10.242 21 
233. 52 9.10 9.40'119. 3 10. 30 2 | 13 . 
Feb, 26% 4| 9-22 9.5810. 16 10.8327 15 
March. 1.15 9.33 10. 10 0. 29 11. 630 Aug. 12 
.4 19 249.43 10 20000. 39 1116 2 Sept 9 
79.30 9.50}: 10. 28000. 47 [1.24] 5 6 ; 
10 (9.37 9.56110 10. 35 [to. 541. 131.320 8 3 April 
30 | T e . 11.3811 31 March 
22 11.4214 28 
RN 11.4417 25 
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TABLE XIX. 


* 


A TABLE 


OF THE 


SUN's RIGHT ASCENSION. 


———————— 


8 


Jan. | Feb. | Mar. [April 
> SAILS JPET | — 
” 
ay * 

South South South 

| , 

HM M. JH. M. JH. M. M. M 
118 48] 21 022 49] 0743 
218 52]2x 422 53] 0 46 
3118 5 E 8/22 57} © 50 
4119 1/21 122 1 O 53 
59 ear 1623 4/0 57 
619 10021 2023 8611 
7119 14]21 24/23 11 fl 4 
8119 19121 2823 15| x 8 
9119 23121 320123 19112 
1019 27121 36023 221 15 
11119 32121 40023 26] 1 19 
12/19 3621 44/23 3011 23 
13119 40 1 48/23 337 1 26 
14419 45121 $2123 37 1 30 
15,19 49]21 56023 4!| 1 34 
16019 $3122 023 44] 1 37 
17119 58/2 4/23 45] 1 41 
18020 222 723 52 1 45 
19120 G|22 11023 55114 
20120 1c[22 5123 59 1 52 
21120 14]jz22 19] © 3| 2 $5C 
22120 1922 23] o 662 „ 
23120 23/22 26] 0 10] 2 3 
24]20 27122 30) © 13] 2 7 
25/120 31022 34j 0 17] 2 1 
2620 35/22 438] o 21| 2 1< 
2720 4022 42] O 24 2 19 
28020 44022 45} © 28] 2 27 
29120 45 o 32 2 20 
30120 52 0 351 2 JC 
31120 56 0 39! | 


This table is ſufficiently exact for finding when any itar comes to 
the meridian, in order to obtain the Jatiiuce z but in all calculations 
for determinins the longitude by celeſtial obſervations, the fun” 
right aſcenſion and declination mult be taken out of the Nan 
Almanack, as ticy are there calculated to a greater degree of ac- 
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TABLE XX. 


Annual Variation. 


A TABLE of the Right Aſcenſion and Declination of ſome of the 
principal fixed Stars, adapted to the Year 1796, with their 


— 


Names of the Stars, 


IShedar, in the breaſt of Caſſiopeia 
Abruccabar, pale ſtar, tail of the Little Bear 
Mirach, in the girdle of Andromeda —— 
Almaach, in the foot of Andromeda 
Menkar, in the jaw of the Waale 
Algol, in the head of Meduſa 
Algenib, the bright ſtar in Perſeus 
leiades, the bright ſtar in Taurus 
Hyades, in Taurus 
Aldebaran, the Bull's ſouth eye 
Capella, in the Goat 
[Bellatrix, in the weſt ſhoulder of Orion 
Betelgueſe, in the eaſt ſhoulder of Orion 
Caſtor, the bright ſtar in the head of Gemini 
Procyon, the bright ar in the Little Dog 
Pollux, in the head of Gemini 
Acubens, in the claw of Cancer 
Regulus, in the Lion's heart 
Dubhe, upper Pointer in the Great Bear 
Alioth, the firſt in the tail of the Great Bear 
Benetnach, laſt in the tail of the Great Bea: 
Arturus, in Bootes 
Mirach, in the thigh of Bootes 
Alphacca, the bright tar in the Crown 
Raſ. Algethi, in the head of Hercules 
Raf, Alhague, in the head of Ophiucus 
Raſtaben, in the head of the Dragon — 
Vega, the bright ſtar in the Harp 
Atair, the bright ſtar in the Eagle 
Deneb, in the tail of the Swan 


— 


(INI 


Scheat, in the thigh of Pegaſus — 
Marcab, in the wing of Pegaſus 


Achernar, in the river Eridanus 


be in the foot of Orion 


— — 


anopus, the bright ſtar in Argo — 
Sirius, the bright ſtar in the Great Dog 
Alphard, in the heart of the female Hydra 
* Vigin's Spike, in the ſheaf of Virgo 
Zubeneſch, in the ſouth ſcale of Libra 
Zubenelg, in the north ſcale of Libra 
Antares, in the heart of Scorpio 
Fomalhaut, bright ſtar in the Southern Fiſh 
The foot of the Croſs 
The bright tar in the Oars 
The bright ſtar in Centaur 


— 


[| 


Aleermain, in the ſhoulder of Cepheus 


S Right Al- Annu, 3 Annual 
S| 3 | Vari. Declination. . 
% . 
310 28 53.37/55 25 N19 91+ 
2| © 50 24 10.05}88 13 13 19.69 ＋ 
21 Oo 58 22| 3.30034 32 7 19.45 ＋ 
2| 1 51 27} 3.62041 20 38 17. 80 
2] 2 51 35] 3-13] 3 16 52 [14 80+ 
2| 2 54 57] 38840 9 31 [14-63+ 
2| 3 9 50] 420049 7 23 [13-72+ 
3 3 35 24/ 3+55j23 27 50 [12.00+ 
314 $ 12] 3.39/15 7 24 | 9+b60+ 
1 4 24 14] 3.4316 5 19 8.32 
11 5 1 40} 4+40j45 46 12 5+ 30+ 
2| 5 14 12] 3.226 5 8 | 4-15+ 
1] 5 44 8 3.2507 21 21 I. 58+ 
2| 7 21 35] 3.88/32 19 20 | 6.78— 
1] 7 28 39] 3.200 5 44 58 | 7.40 
2] 7 31 52| 3.75/28 30 26 | 7.70— 
31 8 47 19] 3.24/12 38 18 [13.30— 
1] 9 57 31 3.24/12 57 32 7. 16— 
2110 51 2| 3.88062 51 0 [19,09 
2112 45 6| 2.6957 4 10 [19-6g— 
2113 39 31] 2.41/50 20 11 [18 24— 
1114 6 25] 2.8220 16 5 7 16— 
314 46 10] 2.63/27 56 27 |15+67— 
2015 26 4| 2.542 24 39 [12-60 
2117 25 27] 2.74114 38 1 | 4. 879— 
2117 5 22] 2.75/12 43 18 | 3-15— 
2117 51 52 1.37/51 30 59 | 0+78— 
1118 30 1] 2.02038 35 54 | 2- 52+ 
2019 40 48] 2.90] 8 20 7 [8407 
2120 37 29 2.544 33 26 12.447 
3/21 13 42] 1.44/61 43 31 4.95 
2122 53 54] 2.8826 58 8 19.18 ＋7 
2022 54 37] 2.984 6 378.19 20+ 
1] 1 30 7 2.2558 16 39 18. 56— 
1 5 4 44] 2.89 8 26 52 | 4+94— 
11 6 19 260 1. 3452 35 23 | 1-60+ 
1 6 36 1 2.69/16 25 58 | 3.10+ 
2| 9 17 34] 2.967 46 53 [15+13t 
1113 14 28] 3e15]1o 5 28 19. 00+ 
2014 39 38] 3.31016 11 3 15.50+ 
215 6 3] 3.22| 3 37 13 [13-93T 
1116 16 56] 3.6625 57 55 *90+ 
1122 46 200 3330 41 52 18.97— 
112 15 24] 3.2261 57 50 [20.0T+ 
119 10 56} 0.7568 52 46 [14.79t 
1114 26 12] 4.41159 59 37 16-26+ 


If the places 
year 1796, multiply the annual variation, 


ſtanding in the table; but the product of 


it; but for any years after 1796, the var 


ſecond, 


of theſe ſtars are wanted for any time 


added to, or ſubtracted ſrom, the declination, according as the ſign + or — follow 
jation in right aſcenfion muſt be added to 
right aſcenſion in the table, and the variation in declination muſt be either added 
to, or (btrafted from it, according as their figns are, to fit the declination to any 
ſucceeding year, —The annual variation is fet down for ſeconds, and decimals of 2 | 


before the beginning of the 
both in right aſcenſion and declination, by 


the number of years before 1796, end ſubtract the product from the right aſcenſion 


the annual variation in declination muſt be 


the 


It is obvious, that by the ſun's annual motion, he is perpetually changing his 
declination and right aſcenſion, which is ſet down in the preceding table for the 
noon of every day at London; and may be reduced to any other time or meridian 
as has been already ſhewn of the ſun. ; 

By the preceſſion of the equinoxes, the fixed ſtars are continually altering their 
longitudes, right aſcenſions, and declinations ; the alteration in the longitude is 
about 50 ſeconds every year; the alteration in right aſcenſion and declination ot 
ſome of the principal fixed ſtars are ſet down in the preceding table ſor 17963 
and their annual variation, which being applied to the right aſcenſion and decli- 
nation in the table, by addition or ſlubtraction, gives the right alcenſion and de- 
clination for any ſucceeding years, 2 

The right aſcenſion of the ſun, moon, or ſtars, is the number of deorees of 
the equinoctial that comes to the meridian with them, counted from the firſt point 
of Aries. 

The uſe of the tables of the right aſcenſion of the ſun and ftars is to find the 
time when any ſtar culminates, or is upon the meridian on a given day, 

RULE. 

Look for the right aſcenſon of the ſun and ſtar in the preceding tables, and 
ſubtract the ſun's right aſcenſion from the ſtar's ; but if the ſun's right aſcenſion 
be greateſt, add 24 hours to the ſtar's right aſcenſion, and then ſubtract the ſun's 
from it, the remainder will be the time of the ſtar's coming to the meridian, 

When the ſun's right aſcenſion is leaſt, the ſtar comes to the meridian in the 
afternoon, but before noon when the ſun is greateſt, 

EXAMPLE I. SAAMPLE IK: 

At what time will the ſtar Arcturus At what time will the ftar Virgin's 

on the meridian of London, Dec. 1?{Spike be on the meridian of London, 

H. M. September 1 ? 


ArQturus's right aſcenſion „ H. M 
24 o Spica Virginis's right aſcenſion 13 14 
Sun's right aſcenſion — 10 43 

38 6 
Sun's right aſcenſion — 16 31] The ſtar culminates afternoon 2 32 
After midnight — 21 35 So that the ſtar Virgin's Spike comes 


12 o|to the meridian at London 32 minutes 
atter two in the afternoon. 


Morning — — 934 

That is, the ſtar Arcturus will be upon 
the meridian of Londen 35 minutes af. 
ter nine o'clock in the morning, 


To find what Star wil! come upon the Meridian at any given Time. 
RULE. 

Add the time from noon to the right aſcenſion of the ſun, the ſum will be the 
right aſcenſion of the ſtar required to be known; with which enter the table or 
the ſtar's right aſcenſion, and find what ſtar's right aſcenſion agrees with, or 
comes the neareſt to it, and that is the ſtar required. 

EXAMPLE l. EXAMPLE II. 

I would know what {tar would be on What ſtar will be upon the meridian 
the meridian of London about ten atſof London 20 minutes paſt tour in the 


25 ning, May 10? 
night, January 25 morning, May 


H. M. H. M. 

Sun's right aſcenſion January 25, Sun's right aſcenſion May g at noon 3 5 

at noon — 20 31] And for 16 hours more — © 3 
And for 10 hours more — o 2|Given time 16 hours, 30 minutes 

Given time 10 hours P. M. 10 of P. M. — — 16 30 


30 34] Right aſcenſion of mid. heaven 19 38 
Sub. 24 of Anlwers nearly to Atair in the Eagle, 
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19 12 
19.20 
19.25 
19.3" 
19.40 
19.5( 


20.17 
20.20 
2024 


21.22 
21.3722. 50 


19 20 | 21 
D. M. D. M. D. M. 
119 0120. W 1 C 
1119. 1620. 121 1 
1119. 120. 221 2 
2119. 320. 31. 3 
4 19. 420. 5121. 5 
69. 6020. 721. 7 
19 7 20. 9 21.10 
19.11 20.12 2113 
3419s. 1621.17 
19.19 20. 20121. 21 
19.2220. 24|21+25 
219.2620. 2821.29 
309.3129. 3321.35 
419.3020. 388214 
19.4220 40Z2T. 40 
19.430. 51021.=5 
8 19.54 290.57 22. © 
5720. 121. 522.8 
20. E. 1222.10 
20.106021. 2922.25 
20.24ʃ21. 2922.34 
20.43} 1.49% 22. 55024. 
29. 52|2T+ 59123. 64 
. 322102378 
6121.142222 23·39 
?1,26]22+ 344:3+43 
0421.35 bs SLATE 
21.5123. 124.11 
20. 5422. 523.1611427 
21. 22.1923. 31124+43 
22.3423. 4725.5 
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DECLINATION IN DEGREES. 
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To find the Time of the Sun's Riſing, Setting, and the Length of the Day 
and Night, by this Table, 


Firſt. Find the ſun's declination at the top of the page (marked with the de- 

rees of declination) and the latitudes in the right or fett hand columns (marked 
Fat.) and in the common angle of mecting is the time of ſun ſetting, if the fun 
has north declination, but the time of tun riſing, if the ſun has ſouth declination, 


ESSAMNMTLE 1h 


Let it be required to find the time of the ſun's rifing and ſetting, with the 
length of the day and night, in latitude 512 north, the 18th of July, 1796 ? 

I firſt ſeek the ſun's declination for the given day, and find it 20% 83“ north, 
which I here call 21, then under the declination 21, and againſt the latitude 51+, 
ſtands 7 H. 53 M the time the tun ſets on the given day, in lat. 5 north, which 
being doubled, gives 15 H. 46 M. the length of the day; and if 5 H. 53 M. the 
time of the ſun tetting, be ſubtracted from 12 H. the remainder 4 H. ) M. gives 
the time of the ſun's riſing, which being doubled, gives $ H. 14 M. length of the 
night. 

But, when the ſun has 21 ſouth declination in this latitude, the time of ſun . 
ſetting becomes the time of ſun- xiſing, and the length of the day will then become 
the length of the night. 

Thus, the 25th of November, 1796, the ſun's declination will be 20% 59 ſouth, 
or 210 then the time of ſun-riſing is 7 H. 53 M. his ſetting 4 H. 7 M. and the 
length of the night 15 H. 46 M. and day 8 H. 14M. | 

EXAMPLE II. EXAMPLE MI. 

Let it be required to find the time of the] Required the time of the ſun's riſing and 
ſun's riſing, ſetting, and length of the day and'ſ-tting, and length of day at the Cape of Good 
night, at Peterſburg, the21it June, 1796. Hope, in lat. 34. 29 S. May r5th, 1796. 

Under 23 28“ N. the declination that day, Under the declination 19% 6” or 19% N. 


and againſt 60 N. the latitude of Peters-jand againſt the lat. 34 8. - I2 a 
burg, — — — 12 o Stands the ſun's riſing - 6 54 
Stands the ſun's ſetting — 9 16\r;ne = TRY ſetting " 7 
The time of ſun-riſing — 2 44 2 
Sun-ſetting doubled is the length of day 18 32[The length of the day - » 20 13 
Sun riſi ng doubled is the length of night 5 28}And 6H. 54M. doub. is length of night 13 48 


When a greater degree of accuracy is _— proportional parts may be taken 
for degrees and minutes of latitude and declination. 


To find the Riſing and Setting of the Stars, 


By this table the riſing and ſetting of any ſtar may be found, whoſe declmation 
does not exceed 23 zo' north or ſouth, in the following manner: 

If you are in north lat. and the ſtar has north declination, look for the declina- 
tion at the top, and the lat. in the right or left hand columns, in the angle of 
meeting, is half the time of the ſtar's continuance above the liorizon, in that lat. 
or the time it takes in aſcending from the eaſtern ſide of the horizon to the meri- 
dian, and deſcending from the meridian to the weſtern part of the horizen. 

Therefore, if theſe hours and minutes be ſubtracted from the time of the ſtar's 
coming to the meridian, the remainder will be the time of the ſtar's riſing, and 
if added, the ſum will be the time of the ſtar's ſetting. 


SAMPLE 01, 

Required when the ſtar Arcturus riſes and ſets December 1, in lat. 51 deg. N. 
The time of the ſtar's coming to the meridian, or fouthing in the morning 9 35 
Then under far's declination 20% 16 or 20 N. and againt lat. 5x ftands 7 47 
Time of ſtar's riſing in the morning — 1 48 
Added, gives the time of the ſtar's ſetting — 17 22 

a 12 
Star ſets 22 minutes after 5 in the evening — 5 22 

When the latitude is north, and the ſtar has ſouth declination, or the latitude 

fouth and the ſtar has north declination, find the latitude in the fide colunins as 


before, againſt which, and under the degrees of declination, ſtands half the time 


me ftar is under the horizon, which being ſubtra ed from 12, the remainder will 
be hali the time the ſtar will be above the horizon in that latitude, 

a W 7. What time will the Dog Star, Sirius, riſe and let at London, Ja- 
Under the declination 169 26' S. and againſt lat. 519 32“ or 529 ſtands gs 2 
Half the time the ſtar is above the horizon — CCC 
The ſtar comes to the meridian in the evening, at — Bo 8 
Which ſubtracted, ſhews that the ſtar riſes at 31 m. after 5 in the evening ; ** 

1 

Added, ſhews the time the ſtar ſets in the morning 5 — 1 

In like manner may the riſing and ſetting of the planets be found when * 
declination does not exceed 23? , aul the time of their paſlage over the meridian 
is known. 

Suppole it were required to know the time of Tupiter's riſing a ing, i 
latitude 52 north the 1ſt of Auguſt, 796. * aan, 

In the Nautical Almanack for 1796, I find that Jupiter paſſes over the meri- 
dian of Greenwich at 14 H. 3 M. that is, three minutes atter two next morning, 
and his declination is 8“ 27'S. N 
Now, 12 H. added to 14 H. 3 M. is 26 H. 3 M. from which ſubtract 24 H. and 
the remainder 2 H. 3 M. is the time of his paſſing the meridian in the moraing 
of that day, according to the civil account. . 

Under declination 89 27' or 8“ and againſt latitude 52 ſtand 6 H. 47 M. half 
the time Jupiter is below the horizon; this doubled is 13 H. 22 M. the length of 
Jupiter's night, which ſubtracted from 24 H. gives 10 H. 38 M. the length of 
his day. 

Again, 6 H. 41 M. added to his paſſing the meridian 2 H. 3 M. gives 8 H. 
44 M. his riſin g in the evening, and 2 H. 3 M. added to 12 I. gives 14 H. 3 M. 
from this ſum take 6 H. 41 MI. and the remainder 7 H. 22 M. is the time of his 
ſetting in the morning. 

Suppoſe itwere required to find the moon's riſing and ſetting Auguſt 13 thy 
1796, in latitude 52“ north 

In the Naut ical Almanack, (page 6th) I find that the moon paſſes the meridian 
of Greenwich at 3 H. 16 M. in the evening, and her declination at midnight is 
322 55' South. 

Then in the tables, under the declination 21 32'S. or 22?, and againſt the lat. 
$2* ſtands 8 H. 5. M. Halt the time ſhe is under the horizon doubled is 16 H. 
10 M. the length of the lunar night, which ſubtracted from 24 H. leaves 7 H. go M. 
the lunar day. To the moon's ſouthing or paſſage over the meridian, 8 H. 16 M. 
add half the lunar day, 3 H. 35 M. gives 11 H. 51 M. her ſetting at midnight, 
and from 8 H. 16 M. take 3, 35, the remainder 4 H. 41 M. is the time ot her riſing 
in the afternoon. 

In like manner may be found the riſing and ſetting of the other plancts, only 
obſerving that the noon of the common day, and end of the fea day, is the be- 
ginning of the day in the Nautical Almanack. 

As all the calculations here are made for the meridian of London, or Green- 
wich, care muſt be taken to reduce the time of their paſſages over the meridian 
of Greenwich to the meridian of the place of obſervation, by allowing 1 H. later 
for every 15* of weſt longitude, and 1 H. ſooner for every 15* of eaſt Longitude. 

It were to be wiſhed, that gentlemen belonging to the ſea would carry a celef- 
tial globe with them, upon which all the above may be found in an ealy manner z 
for they would have nothing more to do but to ſet the globe north and ſouth, raiſe 
the pole as many degrees above the horizon as the latitude is; bring the fun's 
place to the . brazen meridian, and ſet the index to the upper 12; then turn the 
globe round, and note what ſtars come to the meridian, and the hour index will 
point to the time; when they come above the horizon, it * to the time of 
their riſing, and when they deſcend below the horizon, it will point to their ſet- 
ting; for as cach ſtar on the globe will point directly to one ot the ſame name in 
the heavens, they may be viewed at any time of the night; or, if a planet, turn 
the globe until the index points to the time of their paſſage over the meridian, 
and make a mark on the globe with a pencil, under their declination, then turn 
the globe eaſt until the- mark comes to the horizon, and the index will point ot 
the time of their riſing; and turned weſterly till it cone to the horizon, the index 


will point to the time of their letting. 


A TABLE FOR FINDING THE DISTANCE OF T ERRESTRIAT, 
OBJECTS AT SEA. 
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[rg i ö Diſt. in Heis ht Dif. in [Height | Dift. in 319%, a8 { Dit. in | Height] Diſt. in 
in Feet | Iles, in 7 Miles. in rect Miles, [in Feet | Miles. [in Feet | Miles. 
1 7424 538.914 240 [18.969 760 33.7562250 58.083 
* 1. 732] 56 | 9.163 245 [9.65 780 34.972300 58.725 
3 2.121 59 | 9.405] 250 19.360 800 [34.633[2350 [59.360 
4 [2.449] 2 9.641] 255 19.5530 520 [35.063 [2400 59.988 
5 [2-738 65 | 9.370] 200 [19.743 $40 [35-488 2450 60. 60g 
= 2.999] 68 [10.097] 265 [19.932] 560 [35.908 [2500 01.223 
7 3.239 71 [10.317] 270 [20.119 880 [36.323[2550 [61.834 
8 [3.463] 74 [10.533] 275 20. 305 900 [36.734 |2600 62.437 
9 [3.673] 77 [10.745] 280 20. 489 920 37. 1402650 63. 035 
10 3.872] 80 0.982 285 20.21 940 37-546]2700 [03.626 


11 [4.001] $3 [11.156] 290 [20 8510 960 137.938]2750 64.213 
12 4.242] 86 11.355 295 [21.030] 980 38.332 2800 4.794 
13 [4-415] 89 [11.552] 300 21. 2081000 38.721 2850 65.370 
14 4.5810 92 11.745 310 [21.558|1030 9.297 900 5.940 
is (4 742] 95 11.932 320 21.903 1060 39.886 2950 66. 507 
16 4.898 98 [12.121 330 22.243 1090 40. 4263000 |67,068 
17 [5.048] 101 12.306 340 [22.578 1120 40. 9783050 [67.625 
18 [5.195] 104 [12 487] 350 [22.901150 41.5243 100 68.177 
19 [5.338] 107 12.666 360 22.232 1180 [42.062[3150 68.725 
| 20 [5.476\ 110 [12.842] 370 [22.553210 [42.503 [3200 69. 208 

21 [5.611] 113 13.016 380 [23.869 1240 (43.118]3250 69.807 
22 [5.743] 110 [13.183] 390 24.181[1270 [43.6363 300 70.342 
23 [5.872] 119 3.35 4d [24.489|1300 [44-1493350 70.873 

24 5.999 122 2.525 410 24.793330 44.659 3400 [71.400 
25 [6.1220 125 [13.690] 420 [25.094 |1 360 [45.156[3450 71.923 
128 j13.853] 430 j25-391|1390. 45.05 103 5% 72.443 


6.243 
27 [6.302 131 14.015 440 [25.081420 46. 14003550 72.958 
28 [6.479 134 114-174 450 [25-974|1450 46. 0293000 73.470 
29 16.594] 137 (14.3320 460 20. 20101480 (47. 1003050 73.979 


30 66.709 140 14.488 470 26 9 47.581[3700 74.484 
31 (6.817 143 14.642 480 26 8261540 8.523750 74065 
32 (6.9280 146 4.795 490 27. 1041570 48.573800 175.454 
33 17-034] 150 4.995 500 27.379 % 8.979850 175-979 
34 7.1400 155 [15.244 510 27.652 1630 9.434639 76.471 
35 7.244] 160 15.488 520 27.922 1660 49.889395 [70-959 
39 17.347] 165 [15.7280 530 28. 1891090 59.339400 77.445 
37 7.4480 170 [15.965 540 [28.454 [1720 50.7 82450 77.927 
38 [7-548] 175 6.198 550 28.716750 [51 223% 78.407 
39 7.647 180 16.427 560 28.976780 51.616150 78.884 
10 [7-744] 185 16.654] 570 29.233118 10 [Cz. 04 [4200 .. 
| 41 7.840] 190 [16.878] 580 29.489 1840 52.524042 50 79 829 
42 17-935] 195 [17.098 590 29.742 1870 52.951390 80 297 
43 8.029 200 [J. 316 600 [29.994 {1900 53374359 80.002 
44 [8-122] 205 17.5310 620 30 4891930 [53-793[44c0 1215 
| 45 (8.214 210 [17.748] 640 30 976/1960 [54.219450 81.685 

46 18.305] 215 [7.955 660 31.452000 [54-701[4500 [52.143 
47 18.394] 220 [18.160 680 |31.930[2050 554414550 [52-593 
48 [8.483] 225 18.366 700 32.3962 100 55.113 14600 [53.051 
8.5700 230 18.569 720 32.355|2150 56.777 4650 83.501 
8 058] 235 118.779] 740 33. 30912200 57. 43447 [93-919] 
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TARLE XXIV, 


Or Tat LATITUDES and LONGITUDES 
OF THR | y 3 3 
PRINCIPAL HARBOURS axp Caps tx Tar WORLD; 


With the Tits of Hicn WarTtr where it is known. — The Leneitude is 
reckoned from the Meridian of London.—Places marked thus * are by 
Celeſtial Obſervations, athers not ſo marked are from the belt Charts and 
Maps compared with theſe. 


—— ðö ꝛQ— — — — — :: ́ — —— — * n a * 7 


The Caaſi of Engiand from Loni | La Long. II. W. 
tn 10 Lands End. | , | [7 N . NI. H. 
Ram Head. oO 18 4 15W| 5 2 
| Lat. | Long. H. W. % Plymouth 50 22 4 10 6 4 
D. M. D. NI. H. Fou cy 6 50 17 47 5 4 
* LONDON 51 32N.] o Ok.] 2 46 * Deadman's Pt. 50 12 4154 3:4 
| ® Green, Obi. j51 29 8, * Falmouth 50 $ 5 Y F 5 L 
| Woolwich « {$2 30 oO 9 | Manacles Rocks 50 2 1 8 5 
Purflect 4530 | © 19 Black +:ad 50 5 3 
Graveſend e [51 2 O 28 * Lizard Point 49 57 5 14 5 
Rocheſter » [$' 2 oO 38 Mount's Bay 50 8 | 5 37 5 
Nore „ 4461 28 9 51 112 Runnel Stone 50 2 5 48 5 
N Foreland lizht{5z 2 1 32 f A Wolf Rock . 4% 56 6 30 [4 4 
S. Fore land lights 5 1 12 rt 30 0 2 Land's End. 50 6 16 {7-9 
Dover 451 8 | x 24 {11 Þ {Scilly Inlands, 8. 
Dungeneſs 50 52 3 10 ; part 49 52 
Haſtings „ „450 53 o 47 [10 3“ St. Agnes Lts. 
Beachy Head 5 44 | o 26 fo + || Scilly 49 54 | 642 4 4 
Shoreham » 150 47 PO 11W| 9 2, St. Mary's, do. 49 57 16 36 | 4 4 
Arundel + „50 40 0 26 | 9 4 
Selſey Bill «+ [50 43 lO 41 9 3 Thc current in the mid channel is N. E. 
Owers, S. E. Part 50 36 0 36 9 1 | about 1 H 30 M. after high water; and it 
*Portſmouth To. 50 47 | 2 o j18 hun off Dungeneſs 4 H. to 4 and an half 
| Iſle of Wight. hours; in the Downs 4 hours; and eaſt in 
* Bembridge the King's channel, 3 h urs atter high water, 
* Ledge or Point 50 40 69 jit + The following table ſhews the time of high [ 
* Dunnoſe e water at the principal headlands, &c. in the 
* Saint Cathe-| Channel, on full and change days, and the 
rine's Point 5 30 | 1.14 | 9 time the current runs aiter high water, 
* Necdle's Lts. 50 41 rt 24 FY <9 
Pool Harbour 50 42 a. CTY N The current runs after H. W. 
St. Alban's Head [5o 37 [2 $ | 7 27 : | 
|. > Weymouth 5 37 | 2 3o |6 © || High Water. Ef. A. H.M.. 3 f. M. 
Portland Lights 50 31 |2 31 | 7 * At the Lizard e 8 
Exmouth Bar 50 37 3 18 6 + [Off ihe Eddlitone 5 30% 3 O's 2 8 20 
|| Torbay, Berry Off the Start 6 10 2 30 8 & 8 30 
Head 0 23 4 % 163 Off Portland 7 151 3 28 £.10 15 
| Dartmouth .. 50 18 3.33 6 I Off L of Wight | 8 144 3 15.2. 8 on 
* Start Point 50 9 34 6 2 Oir Arundel and | 2 4 
Praul ditto - 50 8 3 47 {| 6 Shoreham 9 15] 15 8 10 30 
* Eddyſtone Li. 50 $ | 4 18 | 5 Off Beachy ed rs 8 18 0 
| Hand Deeps 50 11 4 22 ; 5 4 jOtt Dungeneſs 10 301 + O <V - 30 


| NorTz. H. W. ſtands for high water; R. for river; I. for iſland ; P. for point, and C. 
for cape. : *. channels, is 
Note. The variation in the Engliſh, and St. George's channels, 15 


e 1 4 * 1 581 4 
the eaſt coaſt of England 25 weſt, and the Orkneys and Shetland iſlands about 24 points, 
t. vary between 11 and 12 


fore by adding a degree for 
the variation nearly for 


25 30, and on 


on the weftern coaſt of Ireland 24 points welt, and 15 W 
minutes weſterly every year, or a degree in 57 yearsy ther: 
every 5! years to the variation here given for 179 5, you will have 
any fucceeding year. 
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TABLE XX 
IV. Or LArirupzs A 
ND 


— 
—— 


— 


From 
D the North Foreland 
— uncan's Bay Head to 
. | 
L 
*North F E D. ry 2 _ H W Fort St. G D MM Long, H 
Kent: oreland - W. lnver eorge 57 38N D. M wW 
tiſh Kno 51 25N. 4 H. C neſs : I7 3 N. 4 H 
Long Sand — $1 43 | 1 ry ir + || = 1+ BAR |< 28 WII 7 
Galloper N ead 51 48 45 1 4 |[Tarbetacks — 57 42 345 f Þþ | 
Ditto P. 51 8 145 I 2 Caithneſ — 457 3 56 211 | 
* South P 5 2 a= N S . [? $43 4 
Shipwaſh N ie 51 48 1 0 12 [No Head 58 20 44 118 1 
Ditto a4 $2 9 , 59 12 Duncaniby Head 58 28 3 3 11 * 
Gabbard : 52 2 ; 43 12 | 5 40 | : + 1 
3 8 2 5 — 12 bs 1 Orkn | 7 3 111 T 
———— a Las be Pentland SE 2 | 
« South P. , 10 I ries er. 25 | 
++ --; deg n \ fer 55 46.0 | 
— aff Lights 52 28 | 1 37 9 + i outh Renaldſhz., 58 45 NI 2 WII + | 
Wi rmouth 38 14 9 South P 5 59 11 3 
3 Neſs .152 39 1 8 4 ee [58 47 2 5 : | 
ght 0 5 4 amb? co. 2 1 
Smith's Kno [$2 49 | 5 3 5 * 1 1 
11 52 57 2 * 8 2 North 2 59 a, | 
— 8. P. North P. a dſha, 2 29 [11 | 
2 North P. $2 5+ r 48 Mould Head * 59 23 R | 
—— Lights 33 6 132 71 41 om Wn on 22 10 |} 
— and Ower $3 3 I 16 7 4 N Iftland eſtra 2 
2 1 , a 9 2up Head, 19 21 6 02 
—— South P. 322 22 3 8 1 
. — *. 145 r | 
0 geon Lights N 3 Pomona I f a x. 
uter Dowfin 53 26 3 5 oy Head 159 6 
Inner Dowſi 886 53 40 7 Well n 26 
L ngs 5 e 8 4s 
— Deeps 322 0 50 * ly -: -. 58 55 
— ! ights + 0 2 5 4 Fair Inland — 459 3 3 18 110 
Flamborough » 153 41 0 5 6 59 30 3 24 110 
amy 3 | $ 2 The Shetl 142 | 4 
* ey Brig 64 10 | © | gr_ etland 722 
carborough 54 17 © 7 4 I 8 ue Head, 0 I. 
_ Hood's $4 21 o NE 4 j "4 yan "wage * 52N 
l Wy 4 Braſſa So angliff |60 1 15W| 4 
Ri ny 564 30 | © 32 wick EPs * 
Iver Tees“ — 454 34 o 27 3 2 Out Ske . . 60 , + 
Mouth, Stock 3 1 ||Walſey _ 60 1 
R ton ” - we" 6 _ o 18 4 
iver T 54 41 For 1; E. P. |60 8 4-0 
Mouth ne's gr [© 59 | 3 &$ del Iſland * 47 [o — 4 
© caſtle - cs 7 9225 1 0 
aquet I «++ 155 2 27 | 
Staples 1000 55 22 l 3 x The Munk Rock ro Ilants. 
elyMand  ..- $5 39 |? BY Er pats | 
Be 4 Shi ke ai 
—— . $5 42 | 2 48 2 3 |[Ful: up under Sail 6 | 
D bb's Head r A _ N. part of i 18N{ 6 47W 
3 f 55 57 [2 6 2 J lx. erro 47 3 
2 1 Lights _ 15; 59 4 29 4 I — Point . * 12 1 
7 Bix BCKCA 1 2 73 * | „genes Iſla: = 7 + 
ite Nets 56 5 3 4 4 N. W. par nd} 
* of Tay a 50 5 2 5 > T1 * Ferro __— | [ 
Rock, oft 159 27 2 4 1 f 2 
vs Head do, 56 29 2 — 3 t | From Duncan j 7 32 4 | 
controle 56 38 | 2 2 Ss. 2 Þ 2 Head ! 
; _ Aberdeen ; 56 44 2 24 3 [Duncan Land End. ” the 
etyr He 7 7 1 an y. 88 1 
Buch — 57 : 2 4 12 by Danner He 3 8 40 2 [ 
X. in Nefs 34 1 42 - Faront H 2 18 NI 111 1 
inn uürd's Head n = Cape ae 8 44 3158 + | 
Ravi 57 3 42 12 pe Writ! 5 36 11 { 
7 39 | * 6 | Barre » or s © 11 
. 57 33 | 2 2 12 A erf we 58 1 
vs [11 8 ock leen 2A! 36 2 
2 1 4 FE bb * 2 5 9 7 


Be 


TaBrLE XXIV. Or LaTrTupts and LoncrTupes. 


CC ———— —  —— —  —__________—_____ 


Lat. 

. M. 
Bara I. 48 54N. 
Rena Iſland 153 55 
Rockal 5. 457 28 
7 $2 
Butt ot the Lewis 58 19 
Gallan Head 38 10 
Flannan I. 58 13 
Hiſkere J. 37 2 
Bara Head . . 56 56 
Rocks very dan- 

gerous . 156 55 

Cana Iſlands . 57 3 
Hyſker Iſlands E 56 
Rum I. Weſt P. 6 59 
Tircey I. S. P. 56 30 


Colt I. North P. 56 42 


Bomihly Rocks 56 9 
Skerryvore 56 17 
Ila I. S. W. p. 55 47 
Ditto, South P. 55 39 
Rachlan I. E. 

Part 68 17 
Mull of Cantird 

Light- Houſe 55 21 
I. of Arran, 8. 

E. Part 455 32 
Cumray I. En- 

trance of Clyde'55 47 
Ilſa I. «++ [55 16 
Irwin ++.0-158 36 
Air „ 23 26 
Loch Ryan. 55 3 
Port Patrick Lts. 54 48 
Mull of Gallo- 

Way . ++ . ($4 137 
Great Scar J. 54 40 
Burrow Head . . 54 41 
Solway Firth . . 54 47 
St. Bee's Head 

Light „„ 134 30 
Whirehaven ,.. 54 32 
Selker Rock [54 16 
Lancaſter 54 
Liverpool »o1$3 
Great Orms Hd. 53 20 
Skerries Light 53 25 
Hulyhead 43 T9 
Brachy Pool Hd. 52 47 
Bardſey I. 52 45 
Barmouth «..152 48 
Cardigan Har- 

bour 52 12 
Strumble Hed | 52 0 
St. David's Head 51 55 
Ramſay I. 41 48 
Small's Light- 

Houſe [531 43 
St. Ann's ditto 

Milford Haven|5! 44 
Worms Head 51 35 
Cay 6. +. $249 
Lundy I En- 

trance of Briſ- 

tol Channel * 15 


Long. 1 
D.M | H. 
6 26W 

6 15 7 
13 32 

$ 56 

6 34 | 5 5 
7 24 4 
7 59 42 
753 | 5 
744 |54 
7 7 KY 
652 | $2 
658 | 54 
646 | 52 
7 IS 5 
645 5 
1 
22235 
644 | 04 
6 30 [10 4 
6 17 g 1 
6 & ins 
5 20 11 
0 08 
5 24 fl 
5 O II 2 
4 57 |'14 
gas ji 2 
5 20 11 
5 8 11 
4 57 ful 
4 39 [11 
4 39 4 
3 50 | } 
347 f 
3 39 |'1 
1 
3 12 ji 2 
+ 3 % 
41509 
452192 
+ 37135 
1 
. 
447 | 73 
5 10 7 
s 20 | 6 
6 82 | 6 
5 36 9 
5 10 | 5 3 
4 23 | 5 2 
442 |53 
444 | 55 


| 


| 


— 


Lat. Long. JHM. 
D. M. | D. M. H. 

Mort P. S. En- 

trance of ditto | 5x 15N I;% N 
Hartland P. -- 3 : 38 : ; 
e 5 50 42 4 55 5 4 
Towan Head. 50 30 £3 5 2 
St. Ives Bay . 50 17 5 34 44 
Cape Cornwall 50 10 5 35 4 4 
The Seven Stones 50 6 6 23 4 4 
The Wolt Rock | 49 $7 16 a Fai 
The Land's End 50 6 [5 55 44 

The Iſle of Man. 
Calf of ian «| 54 1 31 
Douglas 3932147 1468 
Ramſay Bay 417 [438 10 3 
Point of Air 4 25 | 4 34 10 4 
Peel Hill <4 12 4 57 Jo 4 
Ireland. 

Cape Clear. .I 15N.| 9 500 3 
Fainet Rock $2- 1 9 „ E-23 
Crookhaven 51 9 1 
Mizen Head $2.20 nn 
Sheep's Head. 51 24 0 15 [32 
Bantry Bayr. 1 26 0 10 33 
Grellah Rocks 51 22 0 41 | 3 
Durſey I. W. P. 51 26 flo 45 | 3 
Buil Rock ...j51 27 lo 45 | 3 
Cow Rock «...|51 27 10 48 | 3 
Cod's Head ...|51 32 0 32 | 3 
Kenmare Bay 51 35 10 50 | 3 
Lamb Head 51 38 |io 37 3 4 
Hog I. —. 451 37 110 49 21 
Hog's Head. 51 41 10 45 34 
Bolus Head 51 41 [10 55 3 + 
Skelling's Rocks 1 40 1 10 | 43 + 
Lemon Rook 51 42 1 2 3 + 
Bray Head +». 151 47 11 49 33 
Dingle Bay ...j:1 55 li © | 3 + 
Foze Rock 1 54 1 14 34 
Fretter's 1. 51 56 [323 22 34 
Tiraght Rocks |51 57 [11 24 | 3 $ 
Great Blaſket ..! 51 57 fl 9 32 
Ennis Tuſkan 52 O 11 23 3 1 
| Duamore Head 51 59 [10 55 3 : 
| Dunorling Head 52 5 [10 57 TY 
Brandon Head 2 9 [lo 46 3 4 
The Seven Hogs 

Rocks P 3 2 
Keitry Head, | 

Entrance oft | 

Shannon Riv. 52 15 110 32 3 4 
Loop Head. N. 

Entrance ditto 52 23 10 33 3 7 
North Arran, or 

Killany . . 3 6 ö07 | 4 
Galway Bay 51 9 | 959 | 4 
Sline Head ..-| 53 2 10 49 4 
Ennis Shark I. 53 3 10 52 + 
Ennis Turk 1. | 33 49 [10:42 | 4 
Clare Iſland . . 53 45 j19 36 | 4 
Achill Head . 53 5% 10 49 * 
Black Rock 54 2 110 53 | 5 
Urris Head 54 18 110 37 18 


TABLE IV. Or LaTtiTupEs Axp LoNGITUDEs. 


Lat. Long, | ' W. || Lat. Long. 
D. M. | D. M. H. D. M. D. M. 
Broad Haven 54 15N. 10 29 5 Goree I. „ 51 1 3 5E 
Stag Rocks, off Schowen I. —— 4561 47 3 43 
Broad Haven [54 21 [10 24 5 * North Gatt 2 1 + 9 
Down Patrick * Rotterdam «+: +++ — 161 56 | 4 34 
Head . 454 18 | 9 58 5 * AMS TERDA N . 5 23 | 4 51 
Sligo Bay » + +154 15 9 18 % > oooo50s 53 10 4 52 
Ennis Murray I. 54 24 [9 18 | 5 W 2 33 23 |10 28 
Donegal Bay 54 30 l 6 5 1 [Eibe River, Entrance of 54 4 | 5 © 
Tillon Head ..|54 38 | 9 25 5 4+ Hilige Land Light +---+.-|54 11 7 45 
Arranmore ...154 58 [9 8 | 5 41 Heimen ERS; . 
Te land . . 55 15 8 48 | 4 1 Robſnount 5 30 8 42 N 
Lock Swilly ...[55 17 8 o 5 E 57 43 tro 3 
{alin 8 8 N 
— 8 e , From the Scaw to St. Peterſburgh, 
| Rocks n . 7 35 + Naze of Norway 9 +157 59N| 6 4E. 
Inithoan Head, 'Fer _—_ 46-58 39 $ jto 8 
Entrance of none: > cc 59 59 10 20 
Londonderry 55 16 [7 16 | 4 Frederick ſtad — 59 10 10 35 
Bengore Head 5518 {6 44 | 4 Paternoſters — 57 54 fu 32 
Racklin I. Weſt Marſtrand Light 57 54 11 40 
Point bees (> tobe 6 32 5 ; [||Wingo Beacon 37 3S 11 42 
Fair Head 8535 15 [6 22 ſro 2 Gothenburg! ++ +++157 42 [1 45 
The Maid's ; Le ſlou I. Eaſt P. +. . 457 20 9 
Rocks — +154 55 5 46 10 7 Weſt P. rr 10 81 
A % rastelen Rock —. 37 25 |i1 15 
Copeland Lights 4 41 5 33 © 5 ammo! Bank coo 87 27 (3-22 
St. John's P. ..|:4 12 5 49 |11 Nidigen Light E 57 18 8 
Dundrum 5 54 13 11 8 5 „ 7713 16 43 
Carlingfordloch |:4 © 6 12 110 3 todos h bp 56 4 112 34 
2 L 8 "x " 34 
„ C3 SF 6 27 10 3 r =p 571 50 40 12 50 
Drogheda Bar .. 53 45 6 22 | [[Halland's I. Wadero ..-.|56 26 (12 36 
St Patrick's I 53 36 | 6 10 rt Koll Light 156 % [13 23 
Lambay Iſland . 53 31 | 6 7 [in Anhol Light «+156 44 [11 36 
DOB ucts [oat [it e ts ſug | 
Wicklow Lights 52 59 6 7 10 Hialm 11 -- 7 50 10 10 $54 f 
Wexford _.....152 22 |6 308 1 Cronenburgh Light 456 3 his 2 | 
Tuſker Rock 452 12 | 6.14 | 83 +4 * Elſeneur „„ 3: 14d" | 
Carnſore P. . 52 11 6 23 $ 4 Hu n | North P. <5 Ee 12 44 | 
The Saltee Rocks|-2 5 | 6 36 5 1 [ls Lenidſcrone 3-48 £4 
Hook Lights, #* COPENHAGEN 155 41 11 41 
Waterford E [[Sattholm, North P - {25 42 | 2 51 
Harbour t 52 3 | hs 4 +3 ||Falftrebo — TE [0 33 j43-552 
Dungarvon — 9 7 36 5 F 53 51 % 50 | 
Helwick Head 51 57 7 36 5 1 „ 122 40 ©] 
Youghall ba EE. > Bornholm I. N E. P. 55 19 4 54 
Cork Harbour 51 & | 8 23 + | S W. P. „ 5 17 
Kinſale Harbour 51 34 8 42 + r 4 22 18 1 
Old Head of Oland, North P. „ 
Kinſale z 30 8 42 . „„ 9-1 
Seven Heads 51 27 8 52 4 5 tland, North P. 30 5s [18 16 
| Dungedy Head 51 25 9 8 4+ | South P, „. % 
| The Stags off Goltſke I, 58 16 [19 27 | 
| Toe Head .|;1 19 | 9 23 | 4 Memel „% I ES 
Balumore Har- | F [Swaferort Lights „ee 442 2 
_ > 1x3 20 {$46 4 Domes Neſs Light ,».167 22 30 | 
| From Calais to Scat. FR „„ 
| | Riga SET gets 55 : he T) 
| Calais n 30 377N 7 Dogerort Light — * 2199 $0 j*S. 3 
| RS... 48 It © / LAN > ov. 159 469 453 .* 
F 8 2 28 [4 ena tary ++ .139 =! 8 3 
NT =: ove "et Þ 2 51 the St. Peteriburgh _—_ 30 25 
D ĩ ⸗˙²˙²ͤ 55 51 14 344 
Walcheren I Weſt P. 1 32 3 26 | 


„ 
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TABLE IV. Or LArITrUpESs and LonciTtupes, 


þ * The Naze 


* Calais „„ SN. 
Cape Griz Nez 50 58 
Boulogne 30 44 
Etaples — 450 31 
St. Vallery . 49 52 

* Dieppe ++ 449 55 
Frecha p +149 50 
* Havre de Grace 49 29 
Mouth of the 

Seine —— . 49 27 
Caen —. . 49 II 
Cape Barfleur 

Lights ++ 149) 44 
Cherbourg + +149 38 
C. St. Germain 49 46 
Alderney I. W. . 

Point + 49 43 
Caſket Lights . . 49 48 
Guernſey IJ. W. 

Point 440 32 
Sark I N. Point 48 28 
Jerſey I N. W. 

Point 49 16 
* Coutance 490 3 

Granville . 48 50 


From the Vuze ts 


Judder, or Walbert's Hd. 

Lifter Land va #4 
Rutt's I. 
Great Wylingſoe Lig ht- 


VVV 
Stavanger 00 
Ulſter's I, 1 46 
Bertzen 2 
Mus Sound . 
Sillewoog I. abs. 
RS: ex <4 


* Dronthemn, \; WE 
A n P. 
North Cape, Var. 1 P. 


Welt . 
Fiſhers I. Var. 1 P. W. 


Kildume I. Var. + P. 
Weſt 96 60 0 


* River Kola, Pawance, 
Var, P. W 

Sweetnoſe, Var. 3 

Orlogenols 0 8 «<ccc 

Croſs I. Var. 1 P. W. 

Ponoy R. Var. + P. W. 

* Archangel, Var. + P, 
Weit 

Catnoſe, or Blue Point 


C. Bona Fortune : 

C. Candinoſe "FER 
Weigate's Straits pu 
Nova Zembla a» 4 


— — — — 


Coufts of V. ance, Spain and Pirtu a 


from Cala. t Gibraltar, 


** Lat. 
Archangel. . 
Lat. Long. * Avranche 48 41N 
D. M. D. M I|* St. Malo — 458 39 
47 N.] 6 3 E. [Cape Frehel 48 48 
58 34 8 Ss Brieux . 32 
33 9 6 4; De Brahat I. 43 52 
33 42 | 5 58 [Roche Blanche 8 59 
St. Anthony's 
8 56 5 50 Lights 8 40 
$56 16 4.0 Vihant, w. " 3 29 
39 54 5 20 II* Breſt 48 23 
0 12 | 5 50 [Point Raz +43 2 
50 18 | 5 30 Point 'Abbe 47 48 
0 36 5 21 {iſles de Glenan 7 44 
01 25 | 5 42 || Orient + -+[47 44 
Ifle de Groa [47 36 
+3 26 [tx 10 ſ[Guiberon eec[17 34 
6 Belle Iſle [47 17 
57 43 9 7 Houat Ille „47 20 
Dumet Ile . 7 15 
1 3 26 10 Nantes 77 13 
'0 2 [za 5 Nourmouſter I. 7 
Dieu Iſle »++[46 42 
20 18 » 5 * Roche Bon 16 14 
20 405 Ree Iſle — 446 15 
59 13 32 26 Rochelle 516 9 
6 37 30 * Rochfort =— 0 3 
67 O 639 23 Oleron Iſle . 446 3 
36 19 (38 5% [Cordovan Light 
6 58 [39 46 Houle *.+[45 36 
* Bourdeaux 4 50 
54 30 [29 o [ Feret ++ . 44 43 
5 21 [38 x2 [ Bayonne ++143 29 
56 23 [40 28 [C Machicaco 43 31 
68 22 41 28 Bil boa „6ꝶ„ 3 I; 
9 30 (62 2 C de Lata ; 23 34 
-$ o o o e Penas +++(43 48 
= Ortegal 4 46 
S Prior „43 {I 
Ferrol ++.113 30 
Corunna +6143 17 
1 57E.) H. W. C. Belem ++ +143 10 
x40 ' [3 2 C Turiana +143 4 
1 44 * C. Finiſterre 42 52 
1 47 [Vigo Bay ++ +142 14 
0 47 C. Fafilis e+e(42 5 
r 10 [11 * Oporto +» +e[41 20 
o 30 fr C. Mondego 10 5 
© 12 9 C. Fiſeraron 39 24 
The Burlings 39 20 
o 1cW| 9 * 'The Rock of 
oO 16 [11 Liſbon 33 45 
* Liſbon +» 438 42 
1 7 io + IC. Epichel +. [33 21 
1 32 | 7 4 [t Ubes +++[35 29 
1 52 9 * C St. Vincent [37 2 
C. St Mary 37 © 
2 12 9 P. Aveniſta [27 v 
2 25 10 * Cadiz „ (30 v9 
C. Trafalgar 39 10 
2 36 * Gibraltar 60 5 
, Geuta *+ + [35 58 
C. Spartel 35 45 
217 | 6 
1 22 | | 6 
. 
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TABLE XXIV. Or LaTiTuDEs Ax D LoNGITUDES, 


— 


—— 


1 


The North Caaft of the Mediter-) 


ranean Sea, from Gibraltar to 


Conflantinople. - 
Lat. 
D. M. 
* Gibraltar 54 „„ 36 SN. 
Malaga 2. 436 42 
* Cape de Gatt ++:136 46 
#* Carthagena — 37 37 
Cape Pallas 437 34 
Alicant 2 38 25 
Cape St. Martin ++ 438 47 
Gandia —.. 4 429 1 
Valentia +++++139 30 
Cape Oropeſo „440 0 
River Ebro — . 440 44 
Barcelona . 441 26 
Cape Sebaſtian 41 48 
Cape de Creux + «142 18 
Perpignan «++ +142 JO 
Cette $+000014J 24 
Narbonne Road „ 43 © 
Montpelier 2443 37 
Mountfort 2 . . 43 39 
# Marſcilles „44 18 
* Toulon 0000 43 7 
Cape Taillar 2443 4 
Cape de Oropes . 443 29 
Villa France 22 442 42 
Cape de Mille 22.443 54 
* Cenoa 2. 444 25 
Point de Fino «+ 44 16 
* Leghorn »+e143 27 
Cape M. Nero +++143 18 
Vada — 43 15 
Piombino ++++143 © 
Point Ercore » +0142 29 
* Civita Vecchia »oj42 5 
* Rome 292 5 „ 41 
Cape Dazzia 2 . 441 38 
* Naples 594 00140 51 
Cape Polonado 4 3 
Policaſtro N 17 
Cape Batican 2 „28 47 
Cape Grote ” . 33 17 
Cape Sparte vento +136 © 
Cape Collonia — . 39 © 
Tarento ++ . . 40 14 
Gallipoli *++++139 56 
Cape St. Mary, the En- 
trance to the Gulf of 
Venice + . 439 40 
Brinici TEES” 40 38 
Barry 6 4 
Manfredonia ++ 0, (41 40 
Cape Veſbio —. . 41 43 
Peſcata — . 44 13 
* Ancona 2. 443 38 
Comago ++ 00 +(44 25 
Venice „e 26 
Trieſte 22 46 0 
Rovigno „„ „ens It 
St. Maria 5 „ 6 45 23 
Peſcera 25632 222 „ „44 42 
Cape Seſto 43 45 
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16 


13 34 
13 48 


[14 25 


15 40 


16 25 


Ü—é— 
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Long. 


5 


17 
19 
18 
20 
19 
21 
22 


NM. 
40 · 
15 
45 

8 
50 
28 


21 44 


22 
21 
22 


23 4 


24 


23 


23 
24 
25 
23 
23 
23 
24 
24 
27 
27 
29 


| Lat. 
| D. M. 
Roſaro —— 442 48N 
Patero — 42 23 
Dorazo — 441 40 
La Vallona —„ „» 40 55 
Cape Liqucta — 440 42 
Pageni — 139 19 
Larta "TELL 38 55 
Cape de Larta +. . . 438 40 
Lepanto ——y— . 4 38 15 
Cape Gallo — . 436 40 
Cape Mantapan — 436 35 
Cape St. Angelo — 436 37 
Cape Mala —j— . 437 34 
Corinth ——2 . . 438 10 
0 Athens TTY 38 4 
Negropont —V . . 438 28 
Cape Doro —— . . 438 © 
Cape St. George . 439 10 
*Salonica or Salonique 40 41 
Cape Ballouri — 439 43 
Cape Pellice — . 439 57 
Cape Monte Santo ++140 10 
Adrianople +++[(40 44 
Galipoli 2 . 440 25 
*CONSTANTINOPLE[41 1 
The South Gaſt of the Mediter- 


| ranean Sea. 


Ceuta — 4 35 
C. Tetuan — 4 35 
[C. Negril #* + + 35 
C. 3 Forcas — 4 35 
C. Fegalle — 36 
C. Falcon ++++136 
C. Ferrat 23553 36 
C. Tenois #++ + 36 
* Algiers *+* „„ 36 
C. Matifor 25 36 
e, Carbon — . 436 
C. Tenes 22 437 
. Fyel 2 36 
C. Ferro — 437 
Bona * . 436 
Tabarca — 2437 
C. Serra 22 427 
C. Blanc — 437 
Tunis *+* 4 36 
Co Bon — 437 
Suſa — 435 
C. Paul —. 435 
Cape de Zoara ——. 4 33 
| * "Tripoli +++ +|J2 
{| Magra +++ 432 
C. Menſurato +0032 
C. Lorat — . 431 
[C. Studico — . 4 31 
Santores ++ q 430 
| C. Linconta +++ 430 
C. Sarabion „24431 
Coara 9693 „91 
C. Bengaza TYH 32 
C. Razat * 45 33 
Derne — 432 
C. Razatin . +. 032 


$oN, 
28 
25 
38 


= 3e oe 0e 0 tam 


a 8 — ——půwx —V — —— — 
O 0 


14 
14 
24 
45 
2 
44 
3 
12 
19 
3 
15 
44 
37 
33 
53 
55 
35 


35 
10 


8 
$0 
15 
24 
11 

O 
39 
30 
37 
40 
10 


TaBLEXXIV. Or LaTtiTupes AnD LONG1TUDES, 


—— 
_ L Lat. Long. 
b. M. o. M. | b. M. O. M. 
e. Luce 59 EZ 15N.[25 25E.|| Planoſo e 
| » 6.91 k ++. 431 40 25 45 | Capraia #+$+ ++ } 9 35 
C. Soliman G —j.. 443 24 | 9 21 
F. Ramitan —. [31 25 126 27 . 2. % 32 | 9 55 
C. Lagoſego „ „ 31 IJ a 19 i e e 7 38 53 13 35 
C. Capopero —— . 431 3 : — 1 . 68 57 15 52 
0. Roſe . 0 22 2 3 92960 38 10 12 29 
Alexandria „4631 11 30 * a — . 438 0 + 21 
op brule —— 131 0 oy ” raugnana — 437 56 12 26 
Damictta . 0 52 * l! Sicily, W. Point 8 11 12 40 
Berella — 431 « 3 55 Ditto, 8. ditto 3 35 45 15 36 
C. Gallo gi 2 * 22 10 Meſſina in ditto + . 438 15 15 59 
Jaffa —＋*»ä 432 5 35 6 Pantelacia ++. «+136 54 12 © 
M. Carmel e + 33 Linoſa —k— 4435 55 12 38 | 
C. Vardo $000 8 N 13 * | Piaufa 2—2*2ẽ 5 40 {12 40 i 
Tripoly e * * | Malta N. Point +130 © — 22 | 
Tortoſa dase BO 3 3 | 8 di „ I py | 
» 7 56 6% 16 0 36 0 Pin to, S. ditto . 35 39 + 35 
G Saudin — 4 The Harbour in Malta 36 14 34 
e. Canz in 23 „ „„ 3 24 35 47 r N. point Sn 36 12 14 50 
* Alexandretta, or Scan- 7 4 Gow, S. E. point 309 20 50 
deroon hdres ©. 35 g 26 | Fano, Entrance of the 
Aleppo ee Gulf of Venicſe 40 8 {2x 6 
S. Urico —.. +130 35 (34 20 [LOT — . . 442 14 16 30 
C. Cavelero 233 36 33 33 17 piani 0000+ 42 9 16 13 | 
P. Dranmont - +. +130 23 * Tremilii +++++142 10 fr; 50 
Satalia —— 4 36 58 30 35 Lista — . . 44247 16 27 
C. Blanc 9 36 1 — _— 3 22536 43 2 15 55 
Co Seven Capes * 36 33 * — | Longa, 8. E. Part 43 55 15 52 
C. Baibe W 4h dg | Scio, S. Point — 38 14 626 32 
C. Crio 99ꝙ——ł % 45 137 34 Cerizo, S. Foint . . 36 22 [23 21 
O. Petrera bps pet 6-558 | Cerigotte *+++135 55 [24 43 
| C. St, Mary 9 "2 oF 26 | Milo — 36 41 [25 6 
C. Blanc — 332 ORE Martelene, W. Point 39 15 [27 12 
Smyrna —— . . 4 38 28 27 27 pon -o-cao 18 3 We 4 
C. Baba th ©. Aims w 55 S. W. Point 35 17 23 56 
C. Jneſari „ „4% $3 jv. 33 | Cape Spada 2 35 45 [24 18 
O. Capitani wad id th core S. E. Point 2 35 21 [2 55 
Prufſias ov 60 cg. 22 Wn — u . E. Point * 35 35 2 6 
fret 5. E. Point 35 27 18 45 
Iſlands ES the Straits. Cyprus, X. Point 35 0 [31 55 
a Point. 0 0 
* Alboran 322436 IN. 2 7 — N - * = 16 
Zaffarine Iſlands — 35 23 | 2 8 ö 
r Polit th 3 T ww The Craft of Africa from Cape 
I * Kto 252526 „ 65 
Nies 3. dts —.—.38 48 [OS Spartel to Cape Verd. | 
Ditto, N. E. ditto wt: / Hrs RO £ Cape Spartel — 435 35 48N. 5 47W | 
Salina — . 38 50 | 40 * 8 NIGER + T1 6 8 | 
Carbera, S. Pont 439 10 | 2 23 9 . Sale 52% 432 35 16 3 
Majorca, S. Point . e139 18 wth; 8 10 3 5 — 433 15 8 11 
Ditto, N. ditto eee 80 58 Cape * » 831 5 8 0 | 
Ditto, W. ditto OO : - [+ Cape Cantin - £130 35. | Y- © | 
Ditto, E. ditto ++++/J9 42 3 Eq 5 5 2 20 8 40 
Minorca, S. ditto . 439 43 3 3 . 3 ves nand + 431 27 9 25 
®Mincrca,SePhilip'sForr 39 51 13S || Mogadoe, eeſz0o 28 „% 
Ditto, N. ditto Point 40 16 * K 6g ia „ j 9 34 | 
Corſica, Weit Point 1 18 8 ach . 428 40 |11 10 
Sardinia, S. W. Point 139 4 |: ls Cape Rajador _ <0 la6-29.. [4.06 | 
Ditto, 8. E. dito 30 0 | 9 54 ||! „ 34 
rn cr 41 |16 52 
Ditto, N. W. ditto „140 57 > 8 Ar 1 ; —— 420 22 16 22 
Senera, N. Point. 41 13 . ne „% %% „ 
r 4.2 5 Leanne — . 48 b |16 58 
Tovo n 38 — 8 * Loma Pur „ . 2 415 51 16 J 
rr Fore: I 
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TABLE IV. Or LArfrupts anDd LoNGITUDES. 


11 


— — — * 
| Frem Cape Verd to the Cape of | 
The Weſtern Iſles. | Good Hopes 
Lat. Long. 
| D. M. | D. NI. Ren — 
* Corvo „ a4 2N.j;zt W ho 3 
* _ 2 — 30 89 34 £ Cape de Verde 14 46N.| 17 47W 
* Fayal, the "SAY 38 32 28 37 0 > Ille 414 39 [17 37 
* Pico „ „ [13 29 a3 20 | 3 2 Ig 14 24 [7 19 
Tercera „ „ «13S c& a5 15 | * * . arys Entrance 
St. George . . 438 39 27 55 || to the River Gambia 13 17 16 56 
Graciola © ant SD 50S & 13 Reue e 1 
' * Sr. Michael, E. Point 37 47 [25 48 5 _— 8 N * 4 36 
Litto, W. Point 437 50 [ab 43 | Cope ber. 3 f 5 — 4 72 
St. Mary „„ S 49 6 {* Cape Ann „ 15 27 
7 * Cape Mount 6 46 [11 42 
The Madeiras. * Cape Mezurado 17 
[Cape Baxos 8 6 28 110 7 
* Porto Santo * + +132 58Nn.116 200 85 ane” 0 5 yp 3 *7 9 47 
Rock E. of ditto, unde; | my 8 5 2 39 
water „ „ „ieee 32.1} * 2 F — 0 26 S 15 
| Madeira, Faſt P. 32 50 [16 46 Cane * * + 55 6 30 
Dicto, Weſt P. » [32 30 (17 26 FORE” _— II. 
Funchal in ditto . 32 38 122 3. * $0 EE 1 44 g * 
. } a . I. 
The Salvages Iſlands 30 8 [16 4 || Cane Three Paints - _ 5 38 
| Pix Cove * + -| 4 48 2 22 
The Canaries. . wo 0 „ I LI 
| nina . 44 00 1 40 
* Cape Corſe Caſtle 5 12 1 28 
* Manzarote, North P. 29 25 N.] 13 2 26 * Devil's Hill — 15 24 o FOE 
* Ditto, South P. 28 5 1 13 41 1 * Ana maboe Fort 89 5 10 1 7 
Forteyentura, Weſt P. [:8 4 14 26 Acra „ + 0 | © 26 I 
Ditto, Eaſt P. 28 40 3 40 * Barracoe — 5 53 1 29 
* Canaria, N. E. P. 31 1 232 | Ge Volta „% <3 29 I 25 
* Ditto, South P. 27 42 I; 54 Cape St. Paul * 5 52 I 40 
* The Peak of Tenerific|2$ 13 16 26  hidah * + of 6 25 | 3 13 
Ditto, North P. 28 39 6 © | mot River » -| 5 33 | 6 10 
* Orotavia in ditto 23 23 116 3 | Cape Formoſa » of 4 30 6 40 
Santa Cruz in ditto 28 27 16 18 | New Callabar River 423 8 © 
Palma, North F. + «28 36 f 32 Cameron River - ef 3 20 j1o © 
Tazicote in ditto + . ES 6 f 3 [Cape St. John 3 9 2 
Ditto, South P. „„ 28 18 420 37 Gabon River 0 © 9 23 
| Gomera, at the Port 28 6 7 4 [C- de Lopas Gonſalvez o 475.] 9 12 
Ferro, the Town 27 47 117 40 Seſto River - » «f 2 16 9 35 
Ditto, Eat P. 27 50 [17 37 Alvary Bay . 3 27 |10 40 
Ditto, Weſt P. > „ „% 4% <2 | Congo River „ 
Ambris River iin © | 
Cape Ledo TEX Tot ou 
Cape Jerd Iſlands. St, Philip de Benguela 12 18 12 35 
7 Cape Negro, appears 
St. Anthony . +» +{[17 oN|24 48 like black hommocks 16 27 [12 44 
St, Vincent + + 46 50 24 36 [ Tiger's Iſland 16 30 [12 0 
St. Lucia . © „ „16 44 m3. 31 Cape Frio d 4 15 40 13 42 
St. Nicholas . 46 532 [24 16 || * Elizabeth's Bay 26 12 |15 30 
* Sal » + +» 46 38 [22 50 || Cape Roſtro de Pedro 24 © [14 © 
* Bonaviſta + + 46 6 [22 41 [ Angra Pequena 26 35 [15 40 
* Mayo * + e[I15 19 [23 o || Cape das Voltas 2 429 © [16 45 
St. Jago, North P. 14 54 23 27 [* Walwick Bay, N. W. 
Ditto, South P · „414 17 23 25 Point a © 4 ® 
Bra va + + 14 50 24 39 || Cape Deſcada 32 20 |15 24 
* Fogo . „ 14 57 [24 22 || * Sc. Helen's Bay, C. st 
* Martin's . 32 45 117 45 
* Saldanah Bay „ «133 3 1236 © 
* Cape of Good Hope. [34 29 18 29 
1 
— — — — — CE 


TABLE IV. Or LArrrupks and Loxofrupfs. 


— — — — — 
Wands between Cape Verd, the Ca | | Lat, 1 5 
of Good H a Pet Cape Iſoclette nen bo 
72 an Cape Horn. r 1 worn * 19 aN 67 187, 
Lat, Long, Cape Rolelgate 6-4 = s * 
D. M. D. Ni. Muſcat „„ 
St. Paul's „% »..0.0 cata 40W Cape aſk 9 1 30 58 
0 3 Noronka 3 568.32 32 5 Muleldon, Entrance to "SO 57 

Matthew 41 33 7 30 the Gulf of Perſia 26 17 6 
Fernand de Po, N. P. 3 23N| 8 co Cape hirdiſtan ++ eB £ 5 
Princes I. > „ of 2 44 $ 0 Gambaroon 2 8 * 
* St. Thomas, Man of Cape M tt As - 

5 onze * 

War's Bay , 7 © ihe Ba ſſora 3 2 8 66 
* Ditto, South P. 0 5 6 co * Point Gigat : = 35 2 
* Annabona 0 ja Diau Point ; 3 90. 50 
* Trinidad | 1552 36 5 

rinida „. el20 15 30 30 ambaye . 22 26 D 
* Aſcentior 8 SN OY 22 
enſion > i4 16 | Surat . +121 10 
* St. Helena, James Townſ15 55 5 46 Cape St. John 3 — 
Saxemburgh 438 44 19 15 * Boz mbay C24 | 18 ” 
* 'Iriftau da Cunha 37 10 [13 20 Labul * 18 2 
Diego Alvarez 89 39 20 11 EL * Goa 0 : ey 3 13 
* Gough's Iſland "un 2 * Barcelore . 5 25 73 
Falkland I. N. E. P. 51 50 63 I Mangalore . ; 4. . oy 
2 S. W. Point 51 0 66 5 Mount Lilly 88 — 5 4. 
P * Fe * Cochi Fe 4 
*Iland of Georgia 54 30 37 39 ||» Pap * » 9 53 76 
; F--S8 
From the Cipe of Good Hope to . 5.4% „5 
Canton in China. * Trincomaley B, iT 2 2 = 
— Point Pedro > : 2 
— Cape oft Good Hope 34 298. 15S 20. Point Cal . 80 
Falie Cape » + 64 16 fis 50 * ee 0 13 79 
Cape Aguillis _ 34 44 20 15 4 Pond nam 10 32 | 79 
* Falſe Bay . 4 10 |18 39 || * Fort F 
Bay St. Braze „KA 28 [22 59 * e Aka avid's 11 29 | 79 
Cape Talhado 2. 433 27 24 7 Point Div i 
* Algoa Bay . 3 30 [26 35 ||* Maſulipatram © * * = 0 
* ry Muſcle B.j33 38 }2 = * 2 ” -- — 

tirſt P. of Natal 221 2} * j > 4% - MN oy 5 52 
en fo 45 -- A „ 
Port Natal * + +29 50 30 57 * e * 2417 46 83 
Smoaky Cape 2 „12 7 132 15 * Ja —_ Dannd * + 2419 25 85 
Cape St. Mary, Entrance f l * 315 Co Ty i 19 45 85 

of ! elagoa Bay 25 51 [33 16 a 2419 $I 80 
Cape Coriantes 0 i Ko, 36 35 * Point b | | «s „20 17 86 
Cape St, Sebaltlan 21 35 36 25 * K ad * 5 8 4x | 87 
Sofalo ER 5 15 33 35 dy * 7h C 9 «68 43 88 
Angora . 4.6 11 30 7 in =; ns gent, «| 
Judda „ „ „ 41 29 [39 20 * Calcutt : 1 = 

Mozenbique . [4 56 40 29 | * Chan " . 0 22 34 $5 
Cape Delgado „ „% nie @ „ * See Wa Rs 
Ciuloa * 3 41 139 40 Aracau Ri „ 9 
2 „„ lege: Schell; In E 
Melinda » + 6} 3 46 141 a * 0 8 . 18 45 93 
* Magadoſha „ of 2 20N 46 28 4 de ; 16 8 94 
Cape Baſſas 444 50 19 . * Tay r Pok OED 1 tc, 
* C ape Q: ful 410 27 + 38 * ſun! 1 yy d of 37 7 
* Cape Guardafui 11 47 135 * Pr lon 2 © 315 98 

Cape Babelmandel, En. 2 * ( ape Romania LE . bo ö 

trance of the Red Sea. 12 * 104 
: Cape Fartaia „us — — = — a 2 

Cape Aden „ 46 145 17 * Cambaja Point 5 13 2 
C pe Morebet , 16 54 19 Avarella poi 45 103 
* "Sococ ra i. Faſt Point 12 18 + 23 f 1 e * n 
D' to, Weſt Point 112 45 153 2 Nord or To i 
* Cape Pero = .[17 54. |55 27 o 

Moka in the Red Sea [13 17 143 17 p Canton . : 46 3 = 


——_— 
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Tartt IV. Or Larrrupes and Loxdtrupks. 


mne 


Hands lying between the Cape of 
Good Hope and Cape Cameron. 


St. Paul's IſNand i 


Amſterdam 3 | 


* South P. Cape 7 
St. Mary's 

North P. C. Ambro 
or Natal 


* S: Avguſtin's B. 18 
C. St. Vincent 8 
C. St. Andrew's 3 
C. Sr. Sebaſtian — 
By Antongil . 
J. St. Mary 

Foul Point 


* Fort Dauphin 
Baſſas de Indian 


Europa Rocks 
Juan de Nova ., « +» «| 
Suſſex Rocks „% SI 
Bazaruto Rocks » 6 
Engliſh Bank 


Cheſterfield thoal — » 
* Mayotto L . 


* Mohilla 1 * 
* Johanna I. 6 
* Comoro 
Portugueſe ſhoals d » 
hn Martin's I. RY 
Aldabran Iſlands @ 6:4 
Aſſumption I, 
Coſmoledo I. wh 
S. Peter's I. 6-0-0 
Natal I. as. 
Sandy I. . 
Zanzibar I. . » 
Amirante I N. W. b 
1 
Mahe I. N. W. P. 
. 
* [ſte Bourbon 
* Mauritius 6 
Diego Reis, or Ro 
drigue . 
* St. Brandon 6 Sw 
Nazareth Bank, S. W. 
Paint 83 
N. E. Point 
Sandy Hand dS Y-Y 
* South Roquepiz 
ohn de Nova > #0 
rovidence I. 53 
St. Francis Illes 5 
Peros Banhos 9 „ 
* Diego Garcia 8 
Candu Iles A 
Adu Ines WS ei 
Maldive Illes, S. E. P. 
N. W. P. 
Malique Hands 


Laecadive Illes, S. E. F 
N. Vp. 


| Lat, Lge 
D. MM. D. M. 
37 315. [77 56E. 
33 15 78 o 
25 33 [44 55 
i2 2 [50 19 
23 35 {+3 3 
21 46 43 37 
16 6 45 32 
12 30 49 44 
16 o 50 38 
16 54 50 36 
27 41 [49 59 
ds. 0 07 $ 
22 20 41 30 
21 30 40 17 
1 
21 29 (42 26 
2116 36 30 
17 30 39 27 
16 17 44 © 
12 47 45 30 
12 30 143 35 
. 
11 32 [43 30 
12 33 [46 55 
19 9 [43 15 
9 40 46 45 
9 46 147 37 
9 46 |48 38 
9 34 [32 47 
8 30 [47 15 
9 16 148 12 
6 10 40 45 
5 ro 5 45 
20153 40 
3 50N.154- 5 
5 208.56 30 
20 52 35 30 
2C 10 57 35 
10 40 (65 10 
6 34 62 50 
16 45 — [+] 
3 3s 195 44 
„„ 
to 30 64 32 
10 15 153 38 
9 15 [53 32 
7 10 |56 30 
5 30 72 20 
| 7 36 D235 
6 ©N.j76 35 
5 30 76 20 
o 408.74 55 
7 15N.73 40 
8 15 [73 29 
lo 08.72 45 


5 


— — 


Iſies Eaſt of Cape Comerin, 


Lat, — Long 
b. M, 
* Ceylon, S. Point 5 N. 81 
N. Point 9 57 80 
* Trincomaley in ditto 38 35 | 8x 
Bale of Cotton Rock 5 28 86 
Preparis I, - +» e{I4 50 | 93 
Cocos I. North P. 14 21 93 
* Great Andaman I. 
North P, . + .[t3 20 | 93 
South P. 1 21 | 92 
Little Andaman, S. P. 10 15 92 
f Iſles, N. P. 9 25 | 93 
South P | 6 51 | 9g 
5 e 
; Hog 1. 1 36 2 v9 
| P.oloo N yas 0 57 | 97 
bo Mintaon 0 258.97 
Goo Fortune 1 S. P. 157 | 99 
Laguna -| 5 20 j1o1 
| Poggy or N. ſſau, * P. 3 15 ioo 
Crompeule 5 33 ftoꝛz 
Prince's I. Straits of 
Sunda + + .1 6 24 ig 
| Bearings of a Rock on 
| which the Indoſtan 
ſtruck in the Straits ot 
| Sunda. 
| Zeeclip Weſt 5 North 
Pk. on Crocatoe S. 15 W. 
Peak on Tamarind I. N 
W. 
Captain M*Intoſh rowed 
round the Rock in a 
Circle of ten Fathoms, 
and the Boat was never 
in ieſs than ten Fathom 
| Water, 
* Chriſtmas I. to 30 [10g 
Coco Il ind „„ „ 441 45 98 
'* J.va Head, or W. P. 6 45 104 
* EAA P.] 8 37 [ics 
North Iſland * -| 5 41 [105 
Peak on Crocatoa l. 6 8 [rog 
Peak on Tamarin 1. 6 54 05 
| Leeclip „„ 4 | # 35 XY 
Batavia in ditto 6 yo [105 
by Ba'ly Straits, Sout! | 
Entrance 8 45 174 
* Bally I. South Point 8 56 [115 
| Lombock Straits 910 15 
Ittaits „f Maſs 9 © 1110 
Straits of Sapy „ „ of 8 $© figs 
Sands! Woud I. WW | 9 45 [120 
otto I. 11 15 f123 
Timor I. Weſt Point 0 15 [123 
* Pul» Runda > „ „ 95 
* Pulo Way „„ » of Tal 95 
('* Pulo Brafle . . | 5 35 | os 
* Pumatra, Weſt Point 5 25N | 95 
'* Achen, in ditto 5 22 | 95 
* Pencoolen, in ditto . } 3 498.102 
* Eaſt Point | 5 


D. Ni. 
2E 
39 
27 
15 
35 
10 


30 
35 
45 

7 
17 
30 


27 
30 
55 
37 
50 
14 
13 
12 
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47 
23 
57 
50 
32 

0 

7 
43 
39 
33 
21 
32 
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TaBLE XXIV. Or LaTiTuptes ann Loncrtunes, 
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Iflands in the China Seas, to the 


Enftward of Java. 


* Banca, North P. 
South P. 


* Lucepera, S. Entrance 


to the Straits of Banca 
Monopin Hill 80 
Billiton, S. E. Point 
Bintang, E. Entrance to 

the Straits of Sincapore 


Spirit Iſland # "6 

| St. Julian's Iſland . 
Timelan Iſl ind 3 
Victory Ifland . 
WoodT. 5 
Saddle Ifland 


Anambas Iſland 6 

Natunas I. 4 a 

® Pulo Tinoy I. 

* Pulo Aroe LI. „ 

* Pulo Timon I. S. P. 

* Pulo Brata 

Pulo Lazen 

Ridang I. 

* Pulo Uby 

* Pulo Way 

Two Brothers 

* Pulo Condor 

* Pulo Sapata 

Elephant 

Pitt's I. 

South Sea Caſtle 1 

Paracel's I. North P. 

South P. 

Macclesfield Bank, N. 

Point 


South Point 
Scarborcugh Rocks 
Hainan, North Point 
South Point 
* Formoſa, South P. 
Pratas Rocks 8 
Triangles Rocks, N. P. 
8. P. 
* Borneo, S W. Point 
* SE. Point 
W. Pint 
* E. Point 
N. Point 
* Balambangan, En- 
trance to the Sooloo- 


Sea 6:08 
Banguey a = 
Palawan, S. Point 

N. Point 


1 * Sooloo I. E. Point 


Celebes, S. Point 
N. Point 
Luconia, N, Point 
* Manilla in Luconia 
* Karkalang 1. S. P. 
N. E P, 
* Moratay I. „* 


— 
O D Genese 0 0 0 


yy od oy 
0 = © 


— — —U— 
— On 


— — 
* 


15 


— — 
to see = oowuwu 


Long. 
D. M. 


16 
106 


106 
05 
108 


105 


.1106 


106 
107 
105 
to 
05 
106 
108 
10 5 


oE. 


17 


10 


15 


52 


104 42 
104 24 


10? 
102 
102 
103 
102 
105 
106 
108 
113 
114 
112 
110 
109 


114 
114 
117 
110 
109 
120 
116 
111 
111 
109 
114 
108 
118 
116 


117 
117 
117 
119 
121 
120 

24 
120 
120 
126 
126 
127 


30 
30 
37 
45 
34 
37 
10 
42 
10 
35 
17 

0 
30 


10 
20 
12 
15 
20 
52 
15 
© 
32 
28 
25 
45 
50 
45 


5 


—ͤ— — — — 2 


— 


at. Long. 
| D M] D. M. 
ö * Gilolo I. N. Point 2 17N [127 20 
by „W. Pointe 1 jnn7 nh 
, * Heril. - - « | 59 [126 54 
| * Tirnate J. o 57 1126 53 
Mariene I. - - - | 218 (126 40 
| * Sutta Mangal J. | y 48 [126 17 
* Burro I Welt P. 3 3 [125 43 
* Sutta Baſſie I. 2 36 [125 41 
* N. End off a dangerous 
Shoal of Bouton J. 5 25 [122 8 
*” Semen LiF... 5 42 (121 11 
* Toucca Baſſie I. . 5 35 [123 15 
| * Balataya I 2 - | $ 55 [1223 37 
| * Cambona I. . « | 29 [121 26 
| * Salayer Straits ...| 5 44 120 6 
Celebes 1 S.P. ..| 42 1120 6 
N P. 
8 b N. W. P. 
onyn Wa 2 
Luciſi va I. 3 i 
Paternoſters in the Straits 
ot Macaſſar 
Palo Laut, 8 P. IL 
| "© Great Solombo .. | 5 28 113 $ 
* Lubeck I. . . « | 5 47 |112 12 
| * Carimon Java IJ. 5 48 110 10 
Pulo Rachel I. 3 5 53 1108 3 
Norr. In theſe Seas there ate many thou- 


— 


ſand Iflands, fo that it would be of no Ule to 
lay them down here. Recourſe muſt be had 
to the beſt Chart. 


New Holland, 


— 


S. W. Cape. 43 425 14 5 E 
S. E Cape. 43 46 [147 5 
St Maria's Iſles . [43 20 148 10 
St. Patrick's Head 41 44 148 20 
Cape Howe . . . [37 24 149 54 
4 


* 
. 

Cape Dromedary .. . [39 21 [150 

* Botany Bay -. (46 0 RS 
Po t Jackſon . [33 47 [151 21 
Cape Hauke . [32 13 362 28 
* 


Smoaky Cape „ 
Cape Danger „„ 83 , 
* Cepe Morton „ 
* S.ndy Cape - - « 6 454 Rs 
Keppel Bay „„ 82 0 es 
; Cumberland IJ. 20 30 1148 45 
| * Cape Cleveland 19 10 148 5 

* Cape Flattery . [14 52 [145 10 
| * Cape Conway . [20 44 148 30 
* Cape Vork . . [10 44 1141 37 
Van Diemen's Bay . . 10 30 1130 15 


New Gut 


* CapeFalſe „ „ | $03 9 
Ext Point 6 20 148 © 
* Louiſiade Iſles, E P. pu 35 154 © 

Weſt Point | 1 30 148 30 
* New Britain, Eat P. | 4 53 153 9 

Weſt Point | 6 © 1149 20 
* New Irelanc, EaitP. | 5 © [152 30 


Weſt Point | 2 20 149 20 


— 


Cc 


—ů———— 


TAE XXIV. Or LArrrupks AND LoNGITUDEs. 


NE CCl —¼— — 
Racks and Shoals lying N. eft of Lat. Long. 
New Holland, D. M. p. M. 
Sandwich Land, N.P. | 57 30S.|27 3oW 
. South ditto 60 0 [27 27 
at. ong. | 
p. M D. M. South Georgia 
A Rock above Water 28 1 98 zo E. [C. Buller .- - 183 58 [37 40 
Cloat's Iſlands . + 21 45 | 93 27 [C. Charlotte 54 32 36 11 
Tryal Rocks .. {20 40 104 30 [C. Diſappointment 54 58 136 25 
Roſemary J. . . . [20 30 [110 45 C George 54 17 36 32 
Abrolhos Shoals . . 28 30 11 45 [C. North 84 4 138 15 
Kerguellen's Land 28 41 | 96 4 [Sandwich Bay 54 42 36 12 
Saunders Iſland 54 6 36 52 
Wallis's Iſles 54 o 138 29 | 
INands i in the Pacific Cleans lying al The Gault of Teolund — | 
tiueen N ew Holland and Cape Horn. — 
Reikneſs C. „ 55N 22 40 
Formoſa, South P. 22 5N. 120 50 E. * 62 3 
North P. 25 15 122 13 talrixfiord bs 36 24 4 
Tayoan, in Formoſa 22 40 120 20 _ Straumneſs 65 40 24 26 
Great Liqueo, S P. 25 15 |128 30 —_—y 66 34 23 5 
North P. 28 o |128 30 Grims I 67 © 21 41 
Xuno I. South P. 31 % [232 50! ||; DO aeberd 67 O [17 30 
North P. 34 45 131 30 ng Noſe . (66 45 {12 14 
Niphon, South P. 13 30 [135 © re dF 5 ＋ 
North P. 41 o 142 © 12 I. > Þ 6 5 O 10 0 
abe . 42 30 140 30 Enge ihoaſt „ 12 14 
* Kamtſcatka, on the | | Wreeland J. 64 5 113 14 
Main, South P. 31 © |r56 30 C. Hekla 63 22 j16 49 
——.— r „ The Coaſt of Greenlar d. 
moſt . . 23 © 114 6 * John or Manen's I. 71 10N | 9 44W 
| Southernmoſt 8 © 114 6 {| Gael Hamkes Bay 75 o | 6 45 
* Peſcadore Iſles 10 30 164 © ||Bontekoe I. „ 9 30 
Huahine I. . . + 16 44S. [151 o Cham P. 70 5 22 77 
St. Bartholemi .. . 14 20N. 156 30 Dangey I. . « [67 33 [27 3g 
I. St. Pierre . 1z © {178 45 Hexjoſis Neſs „„ 108-2 120 89 
Sandwich Iſles . + 17 418.168 39E || Whales I. 8 62 30 39 3 
Northernmoſt 22 . 159 zo WC. Diſcord - . {60 $0 199-55 
* Owhyhee, S. Point 20 155 30 [C Prince Chriſtian 59 55 41 30 
Queen Charlotte IJ. 19 18 138 4 C Farewel 59 38 42 38 
* New Hebrides C Deſolation 6 © igh 7 
viros C. . 14 56 167 26E. 15 * * 
Northernmoſt x, - = 45 Davy sStratts. 
„Bibel. , 20.39 [109 39 C Reſolution 62 4oN [46 38W 
* New Caledonia Pud- | — 02 45 147 30 
02 „ Hope Harbour 63 55 47 50 
C. Colenet . . . 20 30 |165 n = 37-0 "av: % 15 [47 53 
* Charlotte's Foreland 22 15 167 70 er oY Ri : 68 50 147 53 
North P. [20 © {158 30 > »>-*4 le 7 197 
* ©. Coronation las 3 - [267 24 Muſketto Cove 64 55 [52 51 
Friendly Iſles, Nerth- Romel Fort + JT 8 1468 33 || 
Diſco I. S. W. Point 69 6 |4g 38 
erumoſt 19 30 [174 15W|| I "a 1 
Southernmoſt 21 30 175 10 Dre Bedf q - 25 266 7 
® Society Iſles, NW end 17 30 152 © _ TR 30 50 8 
* Otaheite, Oaitipeha B. 17 46 err 9 © e 20 
4 Pe * 149 Bay of Good Fortune 64 20 [61 2 
* Hood's I. "Re" 26 138 46 | Bop + 9 
9 3 f C Elizabeth 64 5 62 30 
7” OI {Reſolution I. C. War | | 
* Duſky Bay . . [46 47 | 166 24E. wn 1 
* Palliſer's C. - «147 928: 1276 346 Fudſon's Bay. 
C Farewel 40 37 [172 47 || — - 
* Turnagain C. . [40 26 78 3 Button's Iſles bo 47N.'65 16W 
* North C. - . . (34 10 [167 10 [Lowe's Savage I. 61 48 o 20 | 
* South C. » + » 147 20 [167 30 Terra Nie va 62 4 68 o | 


— — —: ] ES 28 = 


2 


—— 


= 


Ice Cove 


Great Savage 1. 

North Bluff 

God's Mercies 

Saliſbury I. 

Nottingham, E End 

C Charles, Eaſt End 
Weit End 

Burgeo Iſles 

C. Walſingham 

C. Diggs 


Souch End 
Sleepers I. 4 
Great ditio 
C. Pemb oke 
Large Swan's Neſt 


C. Southampton 
| Churchill River 
Charlton I. 


Hay River 


Saddle Back I. 53's 
Great Bear I. 89 


Baker's Dozen <4 


Mansfield, North End 


Lat. 
D. M. 
62 10N. 
34 2 
62 

57 © 
62 25 
62 26 
62 28 
63 30 
63 35 
62 50 
62 40 
47 36 
62 40 
62 45 
62 40 
61 35 
60 10 
58 35 
62 57 
62 20 
62 10 
58 47 
1 
57 35 


| Port Nelion' $ Shoals 


57 10 


From Hudſn's Bay to Quebec. 


Button's Iſlands 
Black Head 

Falſe Black Head 
Cardinal's Iſland 

Steel S. 

Eaſt I. 

Sadel Iſlands 
Inchanted Cape 

St. Peter's Harbour 

C. Harriſon 

Great Bay of Efkimaux 
C. Charles 

York Point 

Red Bay 

Black Bay 

Red Clifts 

Forteau Bay 

Grand Point 
Eſquimeaux Bay 

Hana Bay 

Great Mecatina P. 
Little Mecatina __— 
Mount Joli 
Eſquimeaux Iſlands 
Mingan I 

Wo Bay, St. John's $ 
The Seven Iſland Bay 
Trinity Bay 

St. Nicholas's Bay 


Laval Bay * 5 


Bay of Rocks 
St. Paul's Bay 


Quebec 


TABLE XXIV. Or LATTrupEs Ax D LONGITUDES. 


———————————— 
Newfoundland. 
Lat. Long. 
D. M. | D. M. 
Belle Iſle, Var. 20? 30 
| Weſt . « 1$3 $5R.| $6 2987 
| Quirpon Harbour 51 40 55 34 
2 Anthony's Cape 5117 [$55 39 
Hare Bay 51 15 55 56 
| Groais 1. „„ 3% Fm 
Green! 0 50 47 55 30 
; Hooping Harbour 50 46 56 13 
White Bay 50 15 56 20 
Horſe Ifands 56 2x 56 46 
| C. Sr. John „ {$6 0 FRO 
Bay of Notte Dame 50 0 55 30 
Twillingate Iſlands 50 3 54 35 
Fogo I. „ % © T8. 
Gander Bay 49 40 54 10 
Wadham Iilands 49 54 353 25 
, C. Freels 49 34 82 55 
Funck I. 50 1 52 12 
Barrow Harbour 48 50 53 © 
C. Bona viſta „ „ 
Trinity Bay 48 39 53 o 
P. of Grates 48 22 52 30 
C. St Francis „„ „ 6 1995 
* St. John's Harbour 47 32 32 20 
Great Burgeo I. 47 36 57 30 
C Spear „ IT 
Bay of Bulls „„ „„ „ 
C Broyle „„ 
C Ballard - eo {O08 16 2 
C Race . . . [46 30 52 44 
Virgin Rocks 46 30 50 18 
C Pine « . . [46 40 5315 
St. Mary's Bay 46 50 53 30 
C. St Mary's + + 46 52 54 2 
Bay of Placentia 47 © 54 30 
Chape-:u Rouge 46 52 55 17 
St. Peter's I. 46 36 56 6 
Langley I. —_ „ 
Great Miquelon 46 55 56 16 
Burnet „„ „% 49 288 FE. 
Fortune Bay „ „ 147 16 [400 
Penguin's Iſlands . . . 47 24 57 © 
Runney I „„ „ 7 EE. 
Great Barriſuay 47 37 57 40 
* Burges I 47 32 57 37 
C. Ray, Var. 20 Weſt 47 37 59 1© 
| Cod Roy J. © » „ {07 $3 9 18 
C St. George Var. 19 W448 30 59 8 
South Head „„ 180" 7 FEM 
C. St. Gregory, Var. 
232 40 Weſt +» . + [49 22 58 12 
| Bay St. Paul „% 169 
| 1gornachoix Bay 50 38 57 22 
St John's . « . 450 30 7 38 
| Point Ferrolle 197 3 895 
| Bay St Barbe 51 ns |56 48 
| C. Norman 5140 35 $7 
Limits of the Great 
| Bank of Newfound- 
| land, North P. 50 15 89 45 
| South P. e 
Outer Bank n 


— 


TARTE XXIV. Or LArrrupks Axpo Lodofruprs. 
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Lat. Long. | 
The Gulf of St. Lawrence. D. M. D. NI. | 
Charlotte Bay, Var. oy | | 
Lat. Lon. | Wet 1 34 N. 63 50 
D. M. [D. M. port Jackſon 71% 13 64 22 
St. Paul's . 47 11N. 59 $5W{|ifle of Hope 353 64 29 ; 
Bird Iflands . ++-147 55 o 36 Port Roſeway 15 49 65 12 
Brion J. . 447 52 50 55 C. Sable, Var. 119 ny | 
Magdalen J. N. E. PD. |47 41 0 55 Weſt 41 27 , 65 30 
S. W. ditto 47 12 |Þ1 36 ||Spallfles CS (43 27 65 55 
Entry I. 2. 47 15 5115 C. Forchu 43 52 66 4 
Deadman's I. »+++ 47 15 61 43 It. Mary” s Cape, Vor | | 
I. of Anticoſta, E. P. 49 8 51 34 11 45” Weſt (44 10 66 7 
S. W. ditto 49 22 63 18 Breyer's I. Var. 11” 15% 
Weſt ditto 49 48 64 18 Weſt . . 4419 (66 20 
North ditto 49 53 63 58 Anapolis Royal + (44 47 | 55 43 
I. de Bik, iu the R. St. J 1] HautolI. +145 29 1% 47 
Lawrence +. +148 52 67 50 C. Chignecto, Entrance 
Mount Camille 2. 448 37 167 15 Baſon of Mines 45 44 65 44 
C. St. Ann 5. 449 3 66 o C. Spencer 0 45 17 65 50 
Magdalen R, ++ +149 13 65 18 4 86. 1. Enttance | 
C. Rozier «+143 47 63 56 of St. John's River 45 18 65 59 
C. Gaſpe and Bay . 48 41 63 53 | Wolf 1. [45 3 | 46 
Flac P. IT 34 63 53 Grand Manan I. Sout 6 | 
I Bonaventure „„ 48 28 63 53 Point „64 43 66 50 
C. Deſpair n 24 j04 '£ Wettera Seal 1. % 44 37 6 47 
Miſcou I. Entrance of | Machois Bay 44 44 57 15 
Chaleur Bay 5 . 48 © 64 16 || Gouldiborvugh Harbour 44 34 7 50 
P. Eſcuminac „„ 0 Mount Deſert Rock 44 3 67 50 
St. John's I. N. Cape 47 2 63 49 C. Ann Light- Houſe 42 51 70 4 
Weſt Point 46 34 64 it Boſton Harbour ++. 42 25 |70 31 
Eaſt ditto 46 27 f 48 [C. Cod 42 5 69 40 
Bear Cape .146 o 62 13 || Caſhes Ledge, North p. 43 23 69 40 
Hiliborough Bay 46 6 62 55 South P. 42 58 68 58 
C. St. George, or St. St. George's Bank, N. 
Lewis 145 51 (61 44 W, Parc +++ [41 42 * 5 
Out of Canſor, North | Nantucket I, „ „% 219 Þo 
J Entrance 45 42 [61 22 || Ditto Shoa!s, S. W. P 40 42 69 26 
| Juſtan Corp I. . . . 45 56 |61 22 || Martha's Vineyard I, 41 18 70 20 
Port Hood 45 57 [61 20 ||Noman's Land J. 41 12 70 25 
C. North, I. off Cape Rhode I, Harbour 41 2 71 © 
Breton . . 47 1 160 10 || Block I. Middle 41 10 71 23 
Port Dauphin, ditto . 46 23 60 13 Montuck Point, Long I. 41 4 71 40 
Spaniſh Bay, ditto 46 18 59 57 || * S:ndy Hook ne. $92.25. 17%. © 
Flint 1. ++.146 11 59 33 [ New York Harbour 40 43 74 5 
Scatari I. +. 46 2 159 27 [C. May 38 58 74 52 
C. Breton 45 57 59 39 ||* C. Henlopen, Var. 6® | 
Louiſburg . . 145 54 59 49 ||- Weſt 38 46 75 5 
C. Hinchinbroke . 45 34 60 24 || Puiladelphia » 422 $7 175 7 
I. Madam 45 29 60 44 || Falſe C-pe »+.1 38 30 |75 © 
Gut of Canſor, Rod C. Charles 7 I-73 9 
Entrance . . 46 28 60 46 [C. Henry 5 35 57 76 4 
Chedabucto Bay . 146 23 60 46 C. Hatteras 35 16 |75 54 
Ditto Shoals, S. W. P. 34 54 75 24 
From Cape Canſor in Nova-Scotia||C. Lookout 34 22 |77 4 
to Cape Florida. Shoals off ditto, S. Poi int 34 10 77 © 
C. Fear 33 51 78 28 
Sable I. Eat Point 44 N. 59 S5 W. Frying-pan Shoals, "of 
Weſt ditto 44 4 bo 30 ditto, S. E. Part 33 30 78 17 
C. Canſor, Var. n 45 16 60 50 [Gorge Town „„ 7 179 36 
Port Howe 45 13 [O || Shoals off ditto . 433 5 179 13 
T. ray +145 12 61 11 C. Roman 33 5 79 30 
Sandwich Bay - 145 -$ 61 31 Cnarles-Town Light- 
Port Stephens +. 145 o 61 53 Houſe .»o| 32 42 80 1, 
Ha if x Harbour 444 36 63 23 [Savannah 532 3 82 32, 
C. Sambro Light-Houſe by 30 63 27 Tybee Light „ „13 85 17 * 


— — — — —— — —̃ 


Tanre XXIV. Or LATrITrupEs AND LoONGITUDES. 


, | — B ———;ZZuZT————— — 
| | Lat, Long. Lat. I Vong. 
| b. M. |D.M. || D. M. | .M. 
Port Royal 32 12N.|\80 wy Monjes Iſlands +++ 12 23Nj721 21W 
| River St. John, En. | Go Coquibacao —_ 12 5 1 
trance o 18 81 30 |} Aruba I. E. Point 12 9 59 25) 
| * Auzuſtine Bay ws 9 47 381 21 Curaco I. N. Point . '12 25 bg 7 
| C. Caneveral 2 20 80 45 C. St. Roman .-.\11 30 469 30 
Shoals oft ditto 20 '$0 40 * Point Cabello ++. 10 31 fo 26 
C. Florida 9 7 44 80 44 * Aves I. S. Part 11 54 07 13 | 
I. of Bermudas, Saint Roca I, '11 45 |56 17 | 
George's Toon 12 45 (63 39 || Orchilial S. Part 1 44 6 3 
N. W. Point 122 25 60 25 Sat Tortuga, E. ditto 11 o 04 44 


S. K,. Point 32 11 63 40 Blanca I. N. 1 2 411 40 63 56 


Norr. This Ifland is ſurrounded witt | Margarita I. N. 11 10 93 13 
dangerous Rocks at fix or ſeven mile: N. * Gut 1 3 53 46 
diſtance, 1 on the North fide. C. Three Points — 10 19 sz 25 

Oroonoco River 8 25 159 26 
8 Horn Etiequebo River 6 30 53 30 | 
From Cape pe Flirida th Cape 38 ue 5 52 55 2 
VF . * G * © 4 

* C. Florida 53 44N, 39 44 W | 5 2 2 1 41 = wa 
* » drr Tortugas Shoals „ 3 Monch or R. Amazon o 12 [54 30 
BY RY Point . © To -n 4. - St. Louis de Maranham | 2 15, 46 34 

Sadie | $0 ; ” 

C. Roman WT 43 * 36 C. S . IL f , 30 : 
* C tte Harbo - 2 2 , 
g rc cnn c 43 44 - Vecnambuca cr Plende | [s © 1108 


C. St. Auguſtine . 48 32 35 © 


Bay of Apalache 29 40 65 „ [t. Franciſco River + - 171 o [36 15 
C. St. Blaze 29 35 |55 44 [St. Saivadore . 12 46 38 38 
Penſacola Bar 30 15 7 3+ [Port, Seguro +. 16 36 139 30 
Mobile Point .. 30 11 fes 35 Abrolhos Banks 8 o |38 30 
* New Orleans 29 <8 33 53 [| Efpirituo Sento +». +120 © 139 45 
Mouth of R. Mi GMppi | 9 13 19 e ..-*|21 51 |40 20 
Mouth of Rio Brava 26 7 %% 497 NIC. Frio »++122 35 41 15 
New St. Ander 21 46 190 27 * Kio Janeiro « ++\Z2 54 142 43 
C. Roxo ©. 121 57 |99 42 rande 1. +». [23 15 143 30 
* Vera Cruz 19 12 137 24 [Santos 5 «(324 4 1454 30 
Campeche 119 41 22 54 [St. Catherine's I. . - (347 16 % © 
Feat es Shoals, N. . 23 50 58 5+ Porto St. Pedro 2. . 1 44 155 17 
C. Catoche „ 21 30 — 26 C. S. Mary, North ö 
* Loma end Key 2 1 3 714 F ntrance to R. Plate 4 42 
Falſe C. 21 28 7 14 © Co St Anthony, S. kgs mY 
Cozumel J. S. point 0 3 Þ57 34 Entrance to ditt. . 36 25 56 27 
Oorth Triangles, S. E. 18 25 5 — Buenos Ayres in ditto 
N. Poini19 5 7 1 River, 45 Var. E. 3 (58 2 
Key Botel — 4 * 7 18 "9 36 La — ka — 3 55 45 
Glovers Reef, N. Part is 52 f 47 ( C. Blanco .- 47 20 |64 36 
8. Gitto 19 33 > 17 [By St. Julian 0 49 10 jos 38 
| Utilo, E. Po:nt — . [16 11 7 27 Straits of Magellan . . 52 35 {97 45 
Ratan 1. E. point 16 25 86 39 + C. Succels 65 1465 21 | 
Bonscea I. N. E. Point 16 29 |35 55 0 . Dego . 64 34 (65 15 
| C. Honduras . + 16 1 4569 St. Anthony 54 47 14 $3 
C. Cameron 2 . 16 © < 9 5 St. Barthoomew . . [54 58 4 51 | 
Black River »..(15 56 |v5 4 St. ] hin 54 7 ſoz 51 
C. Dias Gracias 1 662 50 SS Horn 55 8 57 20 | 
'i riangles, S. Part .|:6 30 179 5 3 7%" 7 | 
N, ditto 


. 3 The IWejt Coaſt of America from | 
and Key, N. Par 7 

St, Andre w's I, % 32 0 50 | Cape Horn to Bebring' s Straits. | 
Corn Iſlands, N.Part 12 10 |32 2 | — — ü 


St. John's Point 10 33 62 50 Cape Ho ni 5s 58S. * 20 
* Porto Bello Q 9 33 * 44 * Buuweil's I. — -155 49 6 3 
Gulf of Dat ien 8 40 76 40 * C, U eg9 — +154 33 4 
* Carthagena . 10 27 / 21 “ Juan Fernandez I. 33 39 Þ73 22 
* $t, Marcha 11 27 73 59 » Arica = a9 .y77...3 
10 10 8 53 * Conception Bay . 6 43 72 34 
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TaBIE XXIV. Or LATrrrupzs AnD LoNGITUDES. 
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| Lat. | Long, | Lat. | Tong, 
D. M. D. M. D M. D. M. 
* Lima ++++++..[12 15] 76 4% St. Euftatia, the Town [17 2gN,[63 4 
GallapagosIfles, Mid. Lat.]z23 30 | 85 © Saba «+++. 447 39 [63 8 
* Panama +++++-| 8 48N,| 80 15 Aves I. — . 415 33 [63 35 


Aquapulco 2 47 10 et 40 Berbuda, S. E. Point 7 50 61 45 
C. Corientes „esel 0 7 © St, Bartholomew, E. P. % 56 62 34 | 


California, South Pointſz3 30 fog 30 W. ditto . 47 54 [62 51 
C. de Touche 45 24 25 5 St. Martin's, E. Point [18 3 62 50 
C. Fitzhugh +. 2 zt O [128 57 W. ditto „478 40 63 7 
C. St. James 2 452 © [131 34 Anguilla, N. E. Point [18 22 462 46 
C. Caldwell —. . 454 18 [133 31 S. W. ditio . 18 9 63 5 
C. Edg ecumbe . 457 3 [135 47 || Prickley Pear * . 418 20 [63 10 
* Nootka, or Saint Sambero —— ++ 418 26 (63 21 


George's Sound 19 36 126 42 Anegado, K. Point . 8 36 [£3 50 N 
Pr. William's Sound|6t 5 47 15 W. ditto ++ef18 41 64 1n 
* Crok's River »+o [59 © zz o St. Croix, E. Point 17 36 [63 40 


”— — —_ 


C, Grevill +++ . 457 30 [153 © W. ditto »« 17 44 (64 25 
Alſka, S. Point. 4 5 1163 11 Virgin Gorda, E. Point [18 18 [63 40 
* Shallow- Water P. 63 O 162 45 The Fort 2. 8 18 [53 54 
C. Stephens ++++oſ04 1 62 15 || Tortola, E. Point 418 21 (64 27 
Norton Sound . 64 15 [162 © W. ditto 418 18 [6g 39 


* C. Rodney ++++ 464 35 164 24 || St. John's, S. Point 18 5 464 40 
* C. Prince of Wales [65 45 [168 13 |} St. Thomas, S. ditto 18 25 (04 41 
= Dae p The Town # 52 „„ 18 22 54 40 

= A : orto Rico, N. E. Point [18 39 65 39 
Hands in the Weſt Indies. S. E. ditto 18 10 65 38 


| N. W. ditto . 18 41 [69 46 
— uu — 1 | S. W. ditto . 18 12 [67 45 
— N.E — T = ak ON La Yona. »+o'18 10 168 24 
S. W. ditto . f 5 60 49 ; 7 = 
Grenada, N. E. . „ „12 14 61 49 Hiſpaniola, or Ft. Dommgo. = 
S. W. ditto +++++jl1 57 62 19 Cape Engauno us 27 q68 35 
Grenada Bank, Middle [ 55 62 45 Soona I. E. Point j17 55 [68 48 
Barbadoes, S. Point ..[13 7 159 45 M4 ER Rock, 
E. ditt +e[13 12 89 37 oft ditto 4 28 [71 35 
Bridge Town «+.[!3 9 159 51 — 1 5220 - 2 73 48 
N. W. Point. 13 22 [59 52 ort au Prince 18 49 72 19 
St. Vincent, N. Point 13 12 [62 16 C Tiberon TY - 20 j74 31 
S. dittoo . 41 62 15 |' Fort St, Louis 18 19 [73 15 
St. Lucls, S. Point 12 — 6x © | Navaza I, ++. 18 24 174 59 
N. ditto »oooll3 56 [60 46 | C. Dona Maria 18 38 [74 22 
Martinico, 8. E. Point [14 24 60 57 | * Petit Grove 18 27 [72 49 
| Dimgnd ditto . 4 24 f 2 | C. Nicholas 9 50 73 25 
Port Roya! 4 36 f 4 The Mole 19 49 73 25 
W. Point 4 25 [61 14 | Tortudos, E. Point [20 2 [73 32 
. 4% 58 162 © | W. ditto ...j20 5 72 56 
Dominica, 8. Point . 15 15 61 20 | Monte Chriſto 19 56 71 39 
N. ditto „enz 29 [63 25 | * Old C. Francois 9 40 [69 57 
Marizalante, N. E. P. 16 4 61 © | C. Pamana . 0 15 [6g 10 
S. E. ditto 215 53 60 59 C. Raphael. 418 56 {69 0. 
Guad doupe, 8. Point 5 54 (61 43 | / ff * : : 
N. ditto es 30 (61 42 and of Famaica. 
Grandeterte, S. E. P. 16 15 jon 4 Morat, S 1. End 17 58 176 10 
N. ditto — ++116 4x fel 25 * Port Ro» 1 18 o [76 48 
Deſe di, N. E. Point [16 24 6 56 Portla d Point 17 42 77 2 | 
S. W. ditto . 16 18 61 3 Carliſle Bay % 50 [77 15 
Antigua, E. Point 5 „ „ „ 17 3 61 45 Pedro Bluffs „417 52 77 33 
Montſenzt, N. E. F. |16 47 162 12 Biack River 8 5 77 40 
S. W. ditto 11 40 62 15 : _ 

; Savannah la Mer 1 24 176 © 
Redondo s # — „17 3 62 20 Negril Po nt S © 18 17 78 31 
Nevis enn 62 28 Montego Bay „üs 33 77 52 
St. Chriſtopher fy . iy | St. Ann's Harbour 18 39 76 56 

Point 000 of OF 16 |62 31 | Porta Maria +. 118 32 [76 35 
N. W. ditto — 417 26 (62 * Port Anthony ** 18 25 76 5 


TABLE XXIV. Or LArirupgEs and Lovofrupgs. 


CC ——  ____________—_—_—________ ———— 


Iſlands and Shoals lying off Jamaica. Lat. } Long, 
Iſlands ying off 7 T bom D. M. 
N | Lat. | Long. ||Heneaga, N. E. Point |z1 2cN. 72 $9W 
D. M. D. M. W. ditto 1 173 4 
Morant Keys N. E. P. 17 26N. 75 55 W Little Heneaga, W. P. [21 30 73 8 
S. W. di:to [17 24 75 45 N. ditto — 21 24 [74 © 
Formogas is 31 75 39 Hogſtye's, the Middle 21 41 73 $0 
Pedro Sheals, E. P [17 20 j77 1 || Mayaguana, S. Point 22 20 |72 33 
Little Cayman, $. N. ditt — 4322 29 |72 53 
W. di to 19 32 80 10 S W. ditto 22 22 [72 55 
Great Cayman, S. French Keys — ++[22 42 |73 27 
W. ditto 19 It |$: $ ||Miraperoos Keys, S. P. 122 7 74 18 
N. ditto 19 18 Caſtle I. or South Key zz 8 [74 o 
Swan I S. W. ditto [17, 12 83 30 North Key, Crooked I. |:2 49 74 2 
Meſterioſa Shoal j15 o 83 59 Atwood's Key, N. E. P. [23 13 73 25 
A dry Bank »++-[13 36 |73 15 (Key Verde, S W. ditto 22 12 75 10 
Pracel Shoal - «118 50 84 20 [The Brothers . 422 38 [7s 0 
Long I S E Point 22 59 74 45 
Iſland of Cuba. N. ditto 43 30 5 28 
— — Rum Key — 4 3 33 74 57 
5 TY — * 7/4 + Wadland's I. S. Part 23 57 [74 25 
r,, Ge 24 4 74 30 
Cumberland Har- | p 
bo [ 53 _ 13 Cat. I S. Part .* * 24 4+ 444 
ur ——U— f19 #3 N. ditto » 124 39 75 12 
Cato de Crus . 419 42 77 52 
e 1 Exuma, E ditto 23 34 175 10 
po _— 21 20 e 32 Eleuthera, Powel's Pt 
one 5 „ „ 66 „6 3 - | or 8. Part XY" 24 45 76 10 
C. Curientes . 421 46 484 57 L or W. p pd 
Middle Cape . 41 44 84 34 Ess I or W. Part 5 35 177 10 
Q br a is 9 New Providence, W. P. |z1 56 78 5 
Cope _— 3 21 49 Þ 18 ſä Naſa Town in ditto [25 4 177 45 
wg "3 p OY Le BS W. P. of ditto [24 57 78 3 
. . . 25 4+ 3 5 + Andios LY Point 8 24 5 78 0 
Havannah 292355 23 12 4 12 | N. Point ates 15 78 30 
— 5; Key . 425 22 78 0 
Iſlands and Shoa's North | The Hole in the Wall j26 10 77 40 
of Cube and Jamaica ; Little Bank of Bahama 
Laſt Reef — * —b᷑ç.E12 168 43 NN. W. Point — . 427 45 79 44 
North Reef S. E. Point z0 15 69 29 Sandy Ke 126 32 | 
W. ditto 20 31 170 I — Py i 79 3+ 
; alle 8 8 Great Iſaac — 126 O 179 47 
The Triangle e+-]20 40 [69 4 Little ditto +*..126 5 79 Ir 
* | . 
Square Handkerchief, „ | Cat Keys Harbour 25 10 79 3 
N, E. Point 2335 - 17 70 2 Orange Key 8 24 43 79 36 
W. ditto 2 . 33 170 57 D headed the 
Grand Turk 's I. N. E. 5 Keys, W. Point. 24 © 80 10 
_ — 2 * 21 32 71 5 Key Sal —— 4 23 31 80 3 
and ey 952 22 „1 „21 11 71 10 a 2 we p 2 8 
The Great Cayos, S. P. z1 8 71 45 _—_ OM FOR 
E. ditto „ 421 43 1 26 
N. W. ditto . 1 57 72 6 { 


Though this Table is more extenſive, and nearer the Truth than 
any publiſhed, it being deduced from many Thouſand Obſervations, 
and theſe compared with the beſt Sea Charts extant, yet in the Nature 
of Things it neither now is, nor ever can be abſolutely correct. 
For, let two Obſervers be on board the fame Ship with different In- 
ſtruments, they will frequently not agree in their Obſervations ; add 
to this, that many Obſervers make no Allowance for the Dip, Re- 
fraction, and Difference of the Meridiane, reſpecting tl.e Sun's De- 
clination. | 

Mr. Darlymple obſerved to me, that although he had the inſpect- 
| ing of the Journals of the Officers in the Eaſt India Company's 

Service, yet there were but few Places whoſe Longitude he could 

determine with any degree of Preciſion. 

FINIS, 
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N Wedneſday laſt a cauſe was tried, before Lord Kenyon and a Special Jury of 
London Merchants, between Mr. David Steele, Bookſeller, Union-row, Towers: ill, 
Plaintiff, and Mr. John Hamilton Moore, Teacher of Navigation, on Tower-hill, De- 
fendant. The action was to recover 4000l, damages, lledged by the Plaintiff to have been 
fuſtained by him on account of the Defendant having publiſhed A Chart of the Eaſt 
Coaſt of England, including the Navigation from the South Foreland to Flamborough 
Head, from the late Obſervations and Surveys, which Mr, Steele contended to have 
been pirated from two Charts of his, publiſhed by him in 1782, drawn by John Chandler 
when it appeared by the evidence of Mr. John Stevenſon, and Mr. Porteus, pilot to the 
ſquadron in the North Sea, during the lait war, that there are a great many very material 
errors in Mr. Steele's Charts, which are corrected in Mr. Moore's. Mr. Stevenſon pointed 
out one hundred and fix places, in which Mr. Moore's differed materially from Mr. 
Steele's, beſides many others of leſs note. The Jury were prepared to give a verdict in 
favour of Mr. Moore, but were prevented by Mr. Steele's Counſel ſubmitting to a nonſuit, 
which ſubjects Mr. Steele to pay Mr. Moore his coſts of ſuit. Lord Kenyon declared he 
heartily concurred with the Jury, and expreſſed his indlgnation/ that ſuch erroneous Charts 
as Mr, Steele's ſhould be publiſhed. Mr, Moore was prepared, had it been neceſlary, with 
three other maſters of the Royal yachts, befides many experienced navigators, to prove 
the correctneis of his Chart, and the erroneouſneſs of Mr. Steele's.“ 

Mr. Stevenſon obſerved, that tie Ile of Grain in Mr. Steele's Chart was placed almoſt 
its whole breadth too far back from the entrance of the Thames; and that in his particu- 
lar Draft of the Thames, which was on a larger ſcale, and therefore admitted of greater 
accuracy, there did not appear to be any Illand at all. That the latter appeared to be an 
exad copy of Mr. Difton's Draft of the Thames, excepting that the lower part of the 
river was ſomewhat more lengthened, which might have been owing to the ſtretching of the 
paper in tracing, from the upper part downwards. 

M hen Mr. Stevenſon was prevented by the Pleintiff 's Counſel from mentioning all the 
106 places in which Mr. Moore's Charts diftered materially from Mr, Steele's, he propoſed 
ro enumerate 13 only, which differed either from 3 to 74 points in bearing, or from 4 to 
9 mies in diſtance, but was again prevented; he then propoſed to Ipeak of one place only, 
but even in that he was alſo prevented! The place meant by Mr. Stevenſon was the Mouſe 
and Weſt Barrow Sands, which were afterwards adverted to by Mr. Porteus. Mr. Chandler 
{who drew the Plaintiff's Charts) inſtead of making the Buoy on the Shivering-Sand, that 
on the eaſt end of the O-2ze, and the Buoy of the weſt end of the Mouſe, lie neatly ina 
line with each other iu bis Chart, has placed the Mouſe and the Weſt Ba row Sands above 
4 miles farther to the weitward than they ought to have been; he has alſo thought fit to 
make the Shoe- Beacon follow the Mouſe to the weſtward. The conſequences are, inſtead 
of the buoy on the Mouſe lying 2 miles N N. from the eait buvy cf the Oaze, he makes 
it to bear W. 4 N. olſtance 5 miles, and, initead of laying the Mouſe buoy 9 miles E. N. E. 
from the Weit buoy of the Oaze, and g miles E. by S. 3 S. from the lack Tail Beacon, 
he makes it to lie 22 miles N. E. + E. from the former, and 2 miles E. by S. 4 S. from the 
latter. Inſtead of the Shoe- Beacon bearirg N by E. from ſhips when in the Fairway, be- 
tween the Nob and the Oaze buoys, Mr. Chandler has placed the Beacon ſo fat to the 
weſtward, as to make it bear N. W. and inttcad of the buoy on the Mouſe being feen from 
ſhips in the aforeſaid fituation, bearing N. W. by N. Mr. Chandler, by placing the weit 
end to the Weſt Barrow in that line of bearing, tas directed them to look no leſs than 43 
points more to the weſtward for the buoy, on the Monſe! Mr. Chandler dedicates his 
Chart, by permiſſion, to the Elder Brethren of the Trinity Houſe; but the miſ-placing 
of the Oaze-ſand is ſo glaring, that thoſe Elder Erethren, who are fo well acquainted with 
the Nob Channel, muſt have diſcovered it at firſt view; and, if they granted permiſhion 
without examinat.on, they may be deemed, if pothble, more highly culpable. The moſt 
" rational ſuppoſition is, that Mr. Chandler las labeured under ſomething, which, to ſay the 
leaſt, at cart wery like a miſtake ! 

_ Mr. Scevenſon deſited Mr. Champion, one of the Jury, to compare the northernmoſt 
pert of the Plaintiff's firit Chart, with the ſouthernmoſt part of his ſecond Chart, and he 
would fee a very confiderable difference in the form and fituation of thoſe ſands which are 
exhibited in both : which difterence, Mr, Stevenſon ſaid, amounted tv a clear proof, that 
both Charts had been copied, and copied from diſterent authorities. in the Imall ſpace 
which is comprehended in both Charts, the relative poſition of no lefs than 13 places in the 
ſecond Chart differ from thoſe ot the lame viaces in the Hirſt Chart, from 4 to 44 points of 
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